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RECOMMENDATIONS. 



From Mr, George B* EmerBon^ Boston, 

Boston, Apbil Sd, 1845. 

1 have carefully examined the plan of Mr. Adams' work on 
Mental Arithmetic, and have given some attention to its execution, 
and I am confident that it will prove a very valuable addition to 
the means of instruction in Arithmetic. It is a successful exten- 
sion of the admirable method of Colbum's First Lessons, with such 
modifications as seemed to be required in a higher work on the 
same general modeL It occupies unappropriated ground ; and it 
deserves, and I think it will take, a high place amongst the text- 
books. 

GEO. B. EMERSON. 



From Mr, Thomas ^enrin^ Boston, 

Boston, July 81st, 1846. 

I have carefully examined, in manuscript, the work of Mr. Ad- 
ams on Mental Arithmetic, and am much pleased with it. His plan 
18 good and well executed. I would, therefore, heartily recom- 
mend his book to Teachers and School Committees, as one which 
will contribute very materially, to the attainment of that very im- 
portant, but much neglected, branch of study, — Intellectual Arith* 
luetic* 

THOMAS SHERWIN, 
Principal of the Boston English High SchooL 
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From Mr, Solomon Adams, Boston, 

Boston, Jan. 29th, 1846. 
To THE Publisher. 

Dear Sir : — Having been favored with an opportunity of ex- 
amining, in manuscript, a Treatise of Mental Arithmetic by F. A. 
Adams, A. M., I am most happy to find that oi^r Sdiools are about 
to have a work of the kind, carried with much skill and judgment 
into the higher departments of Arithmetic. The author has not 
the temerity to attempt a work, which shall supersede '* Colburn's 
First Lessons," but he has prepared one well suited to be used after 
Colbum's ha£ been mastered — not before. He has philosophically 
developed certain principles inherent in the very i|ature of num- 
ber9, and a,pplied them to the solution of questions, involving, in 
some instances, conditions so numerous, and numbers so large, as 
to have been hitherto seldom attempted in Schools. If I do aot 
greatly mistake, MiC A. has made a decided advance in Mental 
Arithmetic. 

Very respectfolly yours, 

SOLOMON ADAMS, 
Principal of the Young Ladies' School, dniral Plao4, 



From Ro^er S, Howard, Esq,, Newburyport, 

Newburtport, May 5th, 1845. 
Mr. ^. A. Adams. 

Dear Sir : — I have looked over, with much care and pleasure, 
the manuscript Arithmetic, which you put into my hands a few 
days since. The plan of the work appears to me quite original, 
and many of the methods you have adopted exceedingly ingenious, 
and, at the same dme, beautifully simple. Your rules and explar 
nations are clear and concise, and the numerous examples for prac- 
tice which you have inserted, are judiciously selected and well 
arranged. The book, I think, is one which will greatly facilitate 
the teaching of this important branch of education. 
I am, sir, very respectfully yours, 

ROGER S. HOWARD, 
Princ'qtQl qf the Putnam High School, 



I^wn Mr. Rfj^us Putnam, Severn. 

gALEM, JujJE 9tli, 1,846. ^ 

Mr. F. a. Adams. ' 

Dear Sir: — I have read with much satisfaction , the manu- 
script cApy of the Mental Arithmetic you are intending to publish. 
Th^ plan of the work is, in many respects, different from its prede- 
cessors, and, strange as it may seem to those who examine many of 
the new books in the . various departments of education, and who 
have not read yours, it occupies much ground which has not been 
occupied by others. I think that, in its arrangement, its defini- 
tioi^, its explanatioxis, the examples for practice, — indeed, in iti 
whole matter, — ^it is happily adapted to its object ; to r^^eitsAPUpyonfk 
from a part of their present bondage to slate and pencil, a«4 Artifi- 
cial rules, by qualifying them to per^mn eorceetiy and imikftWk 
Ae mindj many of the operations which «re ahiMKit yiaven^y fn^r 
ibrmed on the slate. Jt is the first successful atteniftt to iid¥m9§ 
upon Colbum's First Lessons which I have seen { m^ aklMMgli rii 
Teachers who know Colbum's Mental Arithmetic w31 ^sm^fidi|r 
e<mtinue to use it, those who shall become aoquainted ^(h yQW% 
wiU not fbel tiiat their pnpib are well edueaited i^ Me^t^) AjiAiv 
iMtic, till they are familiar with that also. I eom^ieid i|» 'ifil]! 
aMMh confidence, to the notice of all who are entmiitod ¥^ ^ 
education of youth. 

Yours, very truly and respeotfuliy, 

R PUTNAM, 
Pnno^ of the J^iowditch (English High) School, 



From Mr. Charles Northend, Salem. 

Salem, Sd July, 1846. 
Mb,. F. a. Adams. 

Dear Sir: — Having examined, with some care, your manu« 
script entitied *^ Advanced Lessons in Mental Arithmetic, " I feel 
no hesitation in sa3ring that I coni^der the work very happy in . 
design, and admirable in execution. As an extension of that excel- 
lent and unrivalled book — '* Colbum's First Lessons," — I think it 
will find much fiivor, and become a valaable auxiliary in the work 
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of education. No book, in my opinion, has a stronger claim upon 
the friends of Schools than that alluded to, and I trust your work 
may become co-extensive with that, in reputation and usefulness. 
^Wishing you much success, 

I remain very truly yours, &c. 

CHARLES NORTHEND, 
Principal ofEpes Grammar SchooL 



From Mr. Edwin Jocelyn^ Salem, 

Salem, July 2d, 1846. 
Mb. F. a. Adams. 

Dear Sir: — No one can hold '^Colbum's First Lessons in 

Arithmetic," in higher estimation than I do ; and I think, whoever 

undertakes to furnish a substitute for that little book, which shall 

better answer the purpose, will fail in his purpose. I am glad to 

see from your hand an extension of Mental Arithmetic on the plan 

of that inestimable school book. I have often felt the want of such 

a work, and have in practice extended this course of teaching, 

somewhat; — and should have done it oftener and farther if I had 

bad such a book at hand as you now propose to publish. The plan 

appears to me to be very happily carried out ; and I feel confident 

that it will meet with a wide appreciation and use. 

Yours, with much esteem, . ^ 

EDWIN JOCELYN, 

Principcd of the Female High SchooL 
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PREFACE. 



The book.here oflfered to Schools and Academies, had its origin 
in the urgent want the author has found, in the case of his own 
pu^ttls, of a higher woi*k on Mental Arithmetic. Such a woiic, 
he has thought, should be constructed with reference to several 
important objects. 

It should habituate the pupil to perform, with ease and readiness, 
mental operations upon somewhat large numbers. 

It should present these operations in their natural form, freed 
from the inverted and mechanical methods which belong of neces- 
aiy to operations in written Arithmetic. 

It should train the student to such a power in apprehending 
the relations of numbers, as shall give him an insight into the 
grounds of the rules of Arithmetic ; and, consequently, shall re- 
lease him from dependence on those rules; and it should free 
him from the liability to those wide mistakes often made in written 
Arithmetic, which appear so absurd, and are yet too frequent to 
excite the teacher^s surprise. 

A higher training in Mental Arithmetic would also, it is be- 
lieved, prepare the members of our schools, when they should leave 
their studies and engage in the active pursuits of life, to solve 
mentally, and with ease and delight, a large share of those ques- 
ticms, of business or curiosity, for which a process of ciphering is 
ordinarily thought indispensable. 



ly PREFACE. 

The study of Arithmetic in the schools of this country received 
its best impulse, unquestionably, in the publication of *' Colbum's 
First Lessons." So completely has this little book performed the 
work within its prescribed sphere, that there is little reason to 
desire a change in that particular, or to expect iiiat the work will, 
for the present, be superseded. Whoever would now write a book 
of First Lessons in Arithmetic, must, it is believed, if he would 
write a good one, walk the most of his way in the steps of one, at 
least, who has gone before him. 

The *' Advanced Lessons " are designed to continue and extend 
the course of discipline in numbers, which is begun in the elemen- 
tary book above named. Consequently it requires, for its success- 
ful study, an acquaintance with the elements, as taught in that 
work, or in some other occupying essentially the same ground. 

In all the mental calculations in large sums, it will be found a 
uniform characteristic of this woriL to begin with the highest order 
of nmnbers in the sum, — hundreds before tens, tens before units. 
In this way, the numbers are presented in the same or^r in which 
they are presented in the common usage of our. language. In 
most of the operations of written Arithmetic, however, the smallest 
number is taken first; and thus a method is pursued, the reverse 
oi what the genius of our language would naturally suggest 
Another advantage of taking the highest numbers first, in Mental 
Arithmetic is, that we thus obtain a large approximation to the 
final answer, at the first step. When the first step, however, 
aa in written addition, or multiplication, furnishes only the 
units of the answer, leaving the hundreds or thousands still 
unknown, only a minute fraction of the answer is at first ob- 
tained. It is too plain to require proof, that that method will be 
most interesting and gratifying to the mind, which secures the 
largest portion of the answer at the first step. Another advantage 
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of the method here used, is found in the fact, that we natu]*a]iy 
make the higher order the standard, and the lower (»Nler takes its 
value in the mind from a comparison with the higher, as a certain 
part of it. Thus 150 is apprehended by the mind, as one hundred 
and half a hundred. This is not, indeed, the method of acquir- 
ing the idea of large numbers, but the method of combining them 
afier the idea has been acquired ; consequently, it is the legitimate 
method of instruction, just as soon as the pupil is qualified to enter 
on the study of such combinations. If, now, we obtain the num- 
ber of the highest order first, we have a standard, under which all 
the succeeding orders naturally fall, and from a comparison with 
which they succesnvely take their value. If we begin with units, 
however, and work upward through the higher orders, we obtain 
no standard ; we must hold the successive numbers in suspense, 
until the last term shall furnish the nucleus for the group^ — the 
standard under which all the lower orders shall take their rank. 

It is on the basis of these facts, which are only indications of the 
laws of the mind, that, throughout the Mental part of this Arith- 
metic, the author has in all operations, taken the highest order of 
numbers first The increased interest which the persevering use 
of this method will awaken in the minds of pupils, will be, to 
teachers, a better commendation of its correctness, than any more 
extended mental analysis. 

There are other features of the Advanced Lessons which are, 
perhaps, sufliciently distinctive to justify their mention here ; but 
as the truest test of a school book is its use in the school room, 
the work is referred to that ordeal. 

The Second Fart contains examples in Wiitten Arithmetic on 
all the most important rules. They are designed to be sufficiently 
numerous to lead the student to ready and accurate practice in 
ciphering. In this Fart the author has aimed to interest the 

I* 
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Bcholar by ftumishing Mm with nataml and reasonable questioms, 
and to aid iNith teacher and scholar by arran^ng them progres- 
sively. 

The rules and explanations will, probably, be found sufficient, 

after a thorough mastery of the First Fart It is not necessary 
that the pu^il complete the First Part before beginning the Second. 
He may carry on both Farts at the same time ; but, under esch 
particular head, the mental part should be thoroughly mastered 
bei<N*e the written examples are begun. 

The answers to the questions in the Second Part are given in 
a separate work. This course has seemed to the author, od the 
whole, the best, notwithstanding some incidental disadvantages 
that may arise from it. It will enable tlie teacher to oversee a 
much larger amount of work in Arithmetic, than he could other- 
wise attend to. 

And it is believed there will not be much difficulty, if the teach- 
er pursues a right course, in awakening in the members of a school 
a spirit of honor and uprightness, that will make them scorn to 
resort to any dishonest use of a key. 

To aid in awakening a higher interest and zeal in this branch 
of study, the authoif will offer a few suggestions. 

Let the key be used as littie as the teaeher^s necessities will 
permit 

Let original questions be proposed by the teacher in connexion 
with every Section. 

Ea^h member of the class should be encouraged to propose 
original questions to be solved by the class. 

It will often be useful, especially in a review, to alter some one 
figure in the conditions of each question. This c^n produces a 
happy excitement, and gives quite a new zest to the study. 

DuMMER Academy, April 18, 1846, 
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EXPLANATIONS. 
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1. The sign =s indicates equality; as 7 times 3=b21. 
3. The sign ■■\- indicates addition; as 154-7=22. 

3. The sign — placed between two numbers, indicates that 
the latter number is to be taken from the former; as 9-^ 
«5. 

The larger number is called the minuend ; the smaller, the 
subtrahend. 

4. The sign X indicates multiplication ; as 6X7=42. 

The two numbers are called factors ; the number multiplied 
is called the multiplicand ; the number by which it is multi- 
plied, the multiplier* 

5. The sign H- indicates that the number placed before it, 
is to be divided by the number after it ; as 15^f-5=d. 

The number to be divided is called the dividend ; the num- 
ber by which it is divided is called the divisor. 

6. When a number is multiplied by itself, the product is 
called the second power of that number, or the square of it ; 
as 2X2=4, which is the second power, or the square of 2; 
so 9 is the square of 8 ; 25 the square of 5. 

7. When a number is multiplied by itself, so as to be taken 
3 times as a factor, the product is called the 3d power, or the 
cube of the number ; thus 8 is the cube of 2, for it is formed 
by multiplying 2X2X2 ; 27, or 3X3X3, is the cube or third 
power of 3 ; 125, or 5x5X5, is the third power of 5. The 
number thus used as a factor, is called the root of the power ; 
thus 3 is the square root of 9, and the cube root of 27 ; 5 is 
the square root of 25. 

The number of the power may be expressed by a small 
figure, thus 2^ is the 3d power of 2; 3^ is the 2d power of 3 ; 
5^ is the 3d power of 5. 




12 EXPLANATIONS. 

An angle is formed when two lines meet^ ran- 
_ ning in different directions. 

A triangle is a figure bounded bj three straight 
lines. It is called a triangle, because it has three 
angles. An equilateral triangle has all its sides 
equal. 

A right angle is formed when one line meets 
. another, making the angles on both sides eqnaL 
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A square is a four-sided figure, the sides of which 
are all equal, and the angles of wfaidi are right az^es. 
The diagonal divides it into two equal parts. 

A rectangle is a four-sided figure, the oppo- 
site sides of which are equal, and the angles of 
which are right angles. The diagonal divides 
\ it into two equal parts. 

A parallelogram is a four-sided figure the 
opposite sides of which are equal and paralleL 
The diagonal divides it into two equal parts. 

A circle is a figure bounded hj a curved line, 
called the circumference, everj part of which is 
equally distant from the centre. 

A straight line from the centre to the circumference is 
Called the radius. 

The diameter is a line drawn from side to side of the cir- 
cle, through the centre. It follows that the diameter is equal 
to twice the radius. 

Afi J portion of the circumference considered by itself is 
called an arc 

A sector of a circle is a portion of it bounded hj two ra- 
dii and the arc between them. 

A sphere is a solid bounded by a curved surface every part 
of which is equally distant from the centre of the solid. 
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MENTAL ARITHMETIC. 



PART FIRST. 



SECTION I. 

MULTIPLICATION OF TENS AND UNITS. 

1. A man drove six oxen to market, and sold three of them 
for 50 dollars apiece. What did they come to ? 

Three tunes 50 are 150. Ans. 150 dollars. 

He sold the remaining three for 52 dollars apiece. What 
did they come to ? 

Three times 50 are 150, and three times 2 are 6, which 
added to 150 makes 156. Ans. 156 dollars. 

What did they all come to ? 

Twice 100 is 200, and twice 50 is 100, which added to 200 
makes 300, and 6 added to 300 makes 306. Ana. 306 dollars. 

2. A merchant bought 45 barrels of flour for 6 dollars a 
barrel. What did it come to ? 

6 times 40 are 240, and 6 times 5 are 30 ; 30 added to 240 
makes 270. Ans. 270 dollars. 

He bought 75 barrels more at 5 dollars a barrel. What 
did it oome to ? 

5 times 70 are 350 ; 5 times 5 are 25, which added to 350 
makes 375. Ans. 375 dollars. 

^Vhat did all the flour come to ? 

300 and 200 are 500, 70 and 70 are 140, which added to 
500 makes 640, and 5 are 645. Ans. 645 dollars. 

3. What will 87 barrels of flour come to at 6 dollars a 
barrel ? 

6 times 80 are 480, and 6 times 7 are 42, which added to 
480 makes 522* Ans* 522 dollars. 
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4. What are 7 times 68 ? What are 8 times 72 ? 
What are 9 times 84 ? What are 4 times 96 ? 
8 times 64? 5 times 72 ? 7 times 83 ? 5 times 79 ? 
4 times 98? 3 times 81 ? 6 times 73 ? 6 times 86 ? 

The preceding examples will show the importance of being 
able readily to multiply tens by units. This becomes easy, 
after acquiring the Multiplication Table. It may be con- 
nected with a review of the Multiplication Table in the follow- 
ing manner. 

Twice 1 are how many ? Twice 10 are how many ? 

Twice 2 are how many ? Twice 20 are how many ? 

Twice 3? Twice 30? Twice 4? Twice 40? 

Twice 5? Twice 50? Twice 6? Twice 60? 

Twice 7? Twice 70? Twice 8? Twice 80? 

Twice 9 ? Twice 90 ? Twice 10 ? Twice 100 ? 



3 times 1 ? 
3 times 3 ? 
3 times 5? 
3 times 7 ? 

3 times 9 ? 

4 times 1 ? 
4 times 3 ? 
4 times 5 ? 
4 times 7 ? 

4 times 9? 

5 times 1 ? 
5 times 3 ? 
5 times 5 ? 
5 times 7 ? 

5 times 9 ? 

6 times 1 ? 
6 times 3 ? 
6 times 5 ? 
6 times 7 ? 

6 times 9 ? 

7 times 1 ? 
7 times 3 ? 
7 times 5 ? 
7 times 7 ? 
7 times 9? 



3 times 10 ? 
3 tunes 30 ? 
3 times 50 ? 
3 times 70 ? 

3 times 90 ? 

4 times 10 ? 
4 times 30 ? 
4 times 50 ? 
4 times 70 ? 

4 times 90 ? 

5 times 10 ? 
5 tunes 30 ? 
5 times 50 ? 
5 times 70 ? 

5 times 90 ? 

6 times 10? 
6 times 30 ? 
6 times 50 ? 
6 times 70 ? 

6 times 90 ? 

7 times 10 ? 
7 times 30 ? 
7 times 50 ? 
7 times 70 ? 
7 times 90 ? 



3 times 2? 
3 times 4 ? 
3 times 6 ? 
3 times 8 ? 

3 times 10 ? 

4 times 2 ? 
4 times 4 ? 
4 times 6 ? 
4 times 8 ? 

4 times 10 ? 

5 times 2 ? 
5 times 4 ? 
5 times 6 ? 
5 times 8 ? 

5 times 10 ? 

6 times 2? 
6 times 4 ? 
6 times 6 ? 
6 times 8 ? 

6 times 10 ? 

7 times 2 ? 
7 times 4 ? 
7 times 6? 
7 times 8? 
7 times 10? 



3 times 20 
3 times 40 
3 times 60 
3 times 80 

3 times 100 

4 times 20 
4 times 40 
4 times 60 
4 times 80 

4 times 100 

5 times 20 
5 times 40 
5 times 60 
5 times 80 

5 times 100 

6 times 20 
6 times 40 
6 times 60 
6 times 80 

6 times 100 

7 times 20 
7 tunes 40 
7 times 60 
7 times 80 
7 tinges 100 
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8 times 1? 8 times 10? 

8 times 3? 8 times 30? 

8 times 5 ? 8 times 50 ? 

8 times 7 ? 8 times 70 ? 

8 times 9? 8 times 90? 



8 times *2 ? 8 times 20 ? 

8 times 4 ? 8 times 40 ? 

8 times 6 ? 8 times 60 ? 

8 times 8? 8 times 80? 

8 times 10 ? 8 times 100 ? 



9 times 1 ? 

9 times 8 ? 

9 times 5 ? 

9 times 7 ? 

9 times 9 ? 

times 1 ? 

times 3? 

times 5 ? 

times 7? 

times 9? 

1 times 1 ? 
1 times 3 ? 
1 times 5 ? 
1 times 7 ? 
1 times 9 ? 

1 times 11 ? 

2 times 1 ? 
2 times 3? 
2 times 5? 
2 times 7? 
2 times 9? 
2 times 11 ? 



9 time^ 10 ? 

9 times 30 ? 

9 times 50 ? 

9 times 70 ? 

9 times 90? 

times 10? 

times 30? 

times 50? 

times 70? 

times 90? 

1 times 10 ? 
1 times 30 ? 
1 times 50 ? 
1 times 70 ? 
1 times 90 ? 
1 times 110? 



2 times 
2 times 
2 times 
2 times 
2 times 



10? 
30? 
50? 
70? 
90? 



2 times 110 ? 



9 times 2 ? 
9 times 4 ? 
9 times 6 ? 
9 times 8 ? 
9 times 10 ? 

10 times 2? 
10 times 4 ? 
10 times 6? 
10 times 8? 

10 times 10 ? 

11 times 2? 
11 times 4? 
11 times 6 ? 
11 times 8 ? 
11 times 10? 

11 times 12? 

12 times 2 ? 
12 times 4? 
12 times 6 ? 
12 times 8? 
12 times 10 ? 
12 times 12 ? 



9 times 20 ? 
9 times 40? 
9 times 60 ? 
9 times 80? 
9 times 100 ? 

times 20 ? 
times 40? 
times 60 ? 
times 80 ? 
times 100 ? 



1 times 
1 times 
1 times 
1 times 

1 times 

2 times 

2 times 
2 times 
2 times 
2 times 
2 times 
2 times 



20? 

40? 

60? 

80? 
100? 
120? 

20? 

40? 

60? 

80? 
100? 
120? 



A namber which contains another number a certain number 
of times, is a multiple of that namber. 

Thus 6 is a multiple of 2 ; 15 of 3 ; 28 of 7.* 

Name all the multiples of 2, from 2 to 60. 

Name the multiples of 20, from 20 to 600. 

What are the multiples of 3 up to 75 ? of 30 up to 750 ? 

What are the multiples of 4 up to 80 ? of 40 up to 800 ? 

What are the multiples of 5 up to 100 ? of 50 up to 1000 ? 
of 6 to 72 ? of 60 to 720 ? of 7 to 84? of 70 to 840 ? of 8 
to 96? of 80 to 960? of 9 to 108? of 90 to 1080? of 10 to 
120? of 100tol20a? 



« See Note 1, at the end of Part First 
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SECTION II. 



MULTIPLICATION OF TENS AND UNITS. — COMPLEMENT. 

1. What will 17 tons of hay come to at 8 d<^lard a ton ? 
Ans. 8 times 10 are 80, and 8 times 7 are 56 ; 56 added 

to 80 makes 136. 136 dollars. 

2. What will 37 pounds of sugar come to at 9 cents a pound ? 

3. A man drove 87 sheep to market, and sold them for 6 
dollars apiece. What did they come to ? 

4. A man trayelled on foot 8 days ; he travelled 29 miles 
each day. How many miles did he travel in all ? 

In each of the above examples the second product when 
added to the first makes a sum exceeding the next even hun- 
dred : thus, in the 1st ex. — 80+56 ; in the 2d, 270+63 ; in 
the 3d, 480+42 ; in the 4th, 160+72. 

In order to perform such examples with ease, quidmess, 
and without mistake, each step in the process should be made 
the subject of distinct practice. To illustrate these steps by 
the first example, 80+56, the first thing to be done is to 
think of the number which must be added to 80 to majke 100, 
namely, 20 ; the next is to take this 20 from the 56, and what 
remains, — 36, — will belong to the next hundred. 

The number which in such cases must be added to a given 
number to make up an even hundred may be called the Com- 
plement of that number. Thus the complement of 80 is 20 ; 
of 60, 40 ; of 90, 10 ; of 56, 44. What is the complement of 
10? 30? 50? 70? 

* What is the complement of 

10? 20? 30? 40? 50? 60? 70? 80? 90? 

11? 21? 31? 41? 51? 61? 71? 81? 91? 

12? 22? 82? 42? 52? 62? 72? 82? 92? 

13? 23? 33? 43? 53? 63? 73? 83? 93? 

14? 24? 34? 44? 54? 64? 74? 84? 94? 

15? 25? 35? 45? 55? 65? 75? 85? 95? 

16? 26? 36? 46? 56? 66? 76? 86? 96? 

17? 27? 87? 47? 57? 67? 77? 87? 97? 

18? 28? 38? 48? 58? 68? 78? 88? 98? 

19? 29? 39? 49? 59? 69? 79? 89? 99? 
How many are 40+76? 80+34? 70+91? 90+17? 
25+83? 36+71? 45+82? 56+73? 43+82? 95+36? 
37+84? 45+76? 88+37? 94+17? 76+87? 



* See Note 2. 
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* How 



12X2 
18X2 
14X2 
15X2 
16X2 
17X2 
18X2 
19X2 
20X2 
21X2 
22X2 
23X2 
24X2 
25X2 
26X2 
27X2 
28X2 
29X2 
80X2 
81X2 
82X2 
88X2 
84X2 
85X2 
86X2 
87X2 
88X2 
89X2 
40X2 
41X2 
42X2 
48X2 
44X2 
45X2 



8 
8 
3 
8 
8 
3 
8 
8 
8 
8 
3 
8 
3 
3 
3 
3 
8 
3 
3 
3 
8 
8 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
8 
3 



man J are 
4, 5, 6, 7 



4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 
4,5 

%i 

4,5 
4,5 
4,5 
4,5 



6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
5,7 
6,7 
6,7 
6,7 
6,7 
6,7 



8 
8 



9 
8,9 



8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 



9> 



9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 



How 

10? 46X2,3 

10? 47X2,3 

10? 48X2,3 

10? 49X2,3 

10? 60X2,3 

10? 51X2,3 

10? 52X2,3 

10? 53X2,3 

10? 54X2,3 

10? 55X2,3 

10? 56X2,3 

10? 57X2,3 

10? 58X2,3 

10? 59X2,3 

10? 60X2,3 

10? 61X2,3 

10? 62X2,3 

10? 63X2,3 

10? 64X2,3 

10? 65X2,3 

10? 66X2,3 

10? 67X2,3 

10? 68X2,3 

10? 69X2,3 

10? 70X2,3 

10? 71X2,3 

10? 72X2,3 

10? 73X2,3 

10? 74X2,3 

10? 75X2,3 

10? 76X2,3 

10? 77X2,3 

10? 78X2,3 

10? 79X2,3 



many are 

4, 5, 6, 7 
4,5 



4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5, 

4,5; 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 

4,5 



6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 
6,7 



8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 



9 
9 

9, 

9, 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 



10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 
10? 

la? 

10? 
10? 
10? 
10? 
10? 
10? 
10? 



repeat the fig- 



To multiply any number less than 10 by 11, 
ure expressing the number : as 3 times 11 is 83, 4X11^=^44^ 

To multiply by 11 any number of two figures. Think of 
the first figure, then of the sum of the two figures, then of the 
last figure. These three figures will express the answer. 



2» 
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Thus 11 X23 ; the furst, 2 ; the sum of the two, 5 ; the Ust, 3. 
An6.253. 11X24=264, 11X32=352, 11X43=473. 

Bemember, if the sum of the two is as much as 10, you 
must increase the first figure by one. 

How many are 11X26? 11X28? 11X29? 11X41? 
11X43? 11X45? 11X61? 11X62? 11X64? 11X71? 
11X73? 11X81? 11X94? 11X75? 11X86? 11X89? 
11X82? 11X84? 



SECTION III. 

PBACTICAL QUESTIONS. 

1. If a rail-road car travels 23 miles in one hour, how far 
will it travel in 9 hours ? 

2. If a horse travels 38 miles in one day, how far will he 
travel in 6 days ? 

3. If a man earns 14 dollars a month, how much will he 
earn in 7 months ? 

4. If a man spends 6 cents a day for ardent spirit, how 
much will that amount to in 10 days ? How much in 80 
days ? How much in 300 days ? How much in 60 days ? 
How much in 5 days ? How much in 365 days ? 

5. If a man earns 10 cents in an hour, and works 12 hours 
in a day, how much will he earn in a week, there being 6 
working days in a week ? How much in 10 weeks ? How 
much in 50 weeks ? 

6. If a scholar in school is idle 18 minutes in the forenoon, 
and 18 minutes in the afternoon, how much time will he lose 
in a week, if there are 6 forenoons, and 4 afternoons of school 
time in a week ? 

7. If a town is 6 miles long, and 5 miles broad, how many 
square miles does it contain ? If there are 40 inhabitants on 
every square mile, how many inhabitants does the town oon* 
tain ? 40 times 30. 4 times 30 are 120. 40 times 30 are 10 
times as many. If one in 12 of the inhabitants were able- 
bodied men, how many able-bodied men would there be ? If 
one in 6 aore able-bodied men, how many such are there ? 

-S* 3?7hat~will 146 yards of broadcloth come to at 5 dollars 
ayaid? 
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9. What will 86 yards of broadcloth come to at 6 dollars 
and a half a yard ? 

10. What will 740 barrels of flour come to at 6 dollars 
a barrel ? at 5 dollars a barrel ? at 5 dollars and a half a 
barrel? 

11. What will 33 gallons of molasses come to at 31 cents a 
gallon ? at 34 cents a gallon ? at 40 cents a gallon ? 

12. What will 38 pounds of coffee come to at 14 cents a 
pound ? at 16 cents a pound ? 

13. If a room is 14 feet long and 9 feet high, how many 
square feet are there in one of the side walls ? * How manj 
in both the side walls ? If the same room is 13 feet wide, 
how many square feet are there in one of its end walls ? 
How many in both its end walls. How many square feet in 
the ceiling ? 

14. A man wishes to know how many shingles he must buy 
in order to shingle his house. His house is 40 feet long, and 
it is 18 feet from the eaves to' the ridgepole. How many 
square feet are there in one half of the roof? How many in 
the whole roof? 

One thousand shingles will cover 10 feet square, how many 
thousand shingles will cover the roof? If shingles cost 4 dol- 
lars a thousand, how much must be paid for shingles enough 
to cover the roof? If the labor, the boards, and the nails, 
added together, cost as much as the shingles, what will be the 
whole expense of boarding and shingling the roof? 

15. What are 8^ tons of hay worth, at 13 dollars a ton ? 

16. If one acre of ground produce 65 bushels of com, how 
much would grow on 9 acres ? 

17. If an acre of ground produce 228 bushels of potatoes, 
how many bushels would grow on 5 acres ? 

18. If standing wood is worth 2 dollars a cord, what is the 
value of the wood on 7 acres, each of which furnish 18 cords ? 

19. If there are 200 families in a town, and each family 
consumes 12 cords of wood annually, how many cords are 
used in the town each year ? 

What is the whole value of the wood at SJ dolUrs a eord ? 
How much money will be saved in the town if each family 
bums 2 cords less than before ? 
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SECTION IV. 

DIVISION. 

1. What is one half of 20 ? of 40? of 60? of 80? of 100? 
of 120? of 140? ofieO? 

2. What is one half 22 ? of 42 ? of 62 ? of 82 ? of 102 ? 
of 112? of 122? of 142? of 162? of 182? 

3. What is one half of 44? 64? «6? 48? 66? 28? 84? 
68? 46? 24? 26? 62? 

4. What is one half of 70 ? divide it into 60 and 10. 
What is one half of 90 ? divide it into 80 and 10. 

What is one half of 50 ? of 30 ? of 110? of 130? of 150 ? 

5. What is one half of 32 ? of 54 ? divide it into 50 and 4. 
What is one half of 76? of 74? of 78? of 96? of 98? of 

92? of 94? of 72? of 76? of 58? of 56? 

6. What is one half of 43 ? One half of 40 is 20. One 
hklf of 8 is 1^, this added to 20 makes 21 f 

What is one half of 47? of 49? of 63? of 65? of 67? of 
69? of 83? of 85? of 87? of 89? 

7. What is one half of 33 ? divide into 30 and 3. 

What is one half of 35 ? 37? 39? 51? 53? 55? 57? 59? 
of 71? of 73? of 75? of 77? of 79? of 91? of 93? of 95? 
of 97? of 99? 

8. What is one half of 367 ? divide into 300, 60 and 7. 
What is one half of 674? of 895? of 724? of 632? of 

945? of 424? of 688? of 546? of 392? 

We can now find a very quick way of multiplying any 
number by 5. Take one half the number : multiply that by 
10. We will take the numbers in question 2, find multiply 
them by 5 in this way. 

Multiply 22 by 5 : half of 22 is 11, and ten times 11 is 110. 

Multiply 42 by 5 : half of 42 is 21 : ten times that is 210. 

Multiply 62 by 5 : half of 62 is 31 : 310. 

Multiply 82 by 5 : half is 41 : 410. 

Multiply 102 by 5 : half is 51 : 510. 

Multiply 112 by 5 : half is 56 : 560. 

Multiply 122 by 5 : half is 61 : 610. 

Multiply 142 by 5 ; half is 71 : 710. 

Multiply 162 by 5 : half is 81 : 810. 

Multiply 182 by 5 : half is 91 : 910. 



9. Multiply by 5 in this way the numbers in question 3, 
U. 64. 86. 48. 66. 28. 84. 68. 46. 24. 26. 62. 

You can, if you wish, perform these examples by both 
methods, and thus prove the work oorrect. 

Multiply 862 by 5 : half is 431 : 4310. Multiply 672 by 
5: half is 336; 3360. . 

10. Multiply 686 by 5. 748 by 5. 932 by 5. 896 by 5. 
1262 by 5. 

If the number to be multiplied is an odd number, so that 
half of it will show the fraction ^, this, when you multiply by 
10, will become 5 : for ten halves are 5. 

Multiply 781 by 5 : half is 390^ : 3905 Ans. 

11. Multiply 963 by 5 : half is 481^ : 4815. Multiply 845 
by 5. 381 by 5. 953 by 5. 845 by 5. 637 by 5. 429 by 5. 

12. What is one fourth of 40 ? one fourth of 80 ? one fourth 
of 120 ? One fourth of 12 is 3, a fourth of 120 is 10 times as 
much, 30. What is one fourth of 160 ? one fourth of 200? 
of 240? of 280? of 320? of 360? of 400? 

13. What is one fourth of 60 ? Take half of it ; then half 
of that half; half of 60 is 30, half of 30 is 15. What is on6 
fourth of 100 ? one fourth of 140 ? one fourth of 180 ? one 
fourth of 220 ? one fourth of 260 ? one fourth of 300 ? 

14. Another way of finding one fourth of the numbers in 
the last example, is as follows : 

What is one fourth of 60 ? Divide 60 into 40 and 20 ; 
one fourth of 40 is 10 ; one fourth of 20 is 5. 15. 
What is one fourth of 100 ? divide into 80+20. 
What is one fourth of 140 ? divide mto 120+20. 
What is one fourth of 180 ? divide into 160+20, &c 

15. What is one fourth of 30 ? of 50 ? of 70 ? 
Find the best way of answering these, for yourself. 
What is one fourth of 90? of 110? of 130? of 150? of 

170? of 190? of 210? of 230? of 250? 

16. What is one fourth of 76 ? divide the number into 40 
and 36. What is one fourth of 96? divide the number into 
80 and 16? 

What is one fourth of 52 ? of 64 ? of 84 ? 

17. What is one fourth of 368? There are several ways 
of dividing this number. First, into 200+100+60+8; a 
second way would be, into 200+160+8 ; another way, into 
320+48. This is shorter than either of the former. A bet- 
ter division still is into 360+8. 

What is one fourth of 496 ? Into what different sets of 
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numbers, each divisible by 4, can you divide this ? What is 
one fourth of 964? of 336? of 836? 596? 472? 1324? 
1728? 2286? 

18. What is one tenth of 10? of 20? of 30? of 40? of 50? 
of 60? 70? 80? 90? 100? 110? 120? 130? 140? 150? 

19. What is one tenth of 5 ? Ans. 5 tenths of one, or ^ 
equal to ^. 

What then is one tenth of 15 ? of 25 ? 35 ? 45 ? 55 ? 65 ? 
75? 85? 95? 14? 17? 36? 47? 52? 91? 43? 28? 65? 
86? 47? 

20. What is one fifth of 25 ? 40? 45? 50? 55? 60? 65? 
70 ? divide 70 into 50 and 20. Of 75 ? divicle mto 50 and 
25. Of 80 ? divide into 50 and 30. Of 85 ? of 90 ? of 95 ? 
of 100 ? 

21. What is one fifth of 64 ? of 82 ? of 91 ? of 67 ? of 73 ? 
of 59? of 63? of 72? of 78? of 83? of 87? 

22. What is one fifth of 140? of 385? of 260? of 480? 
of 390 ? of 580 ? of 470 ? of 865 ? of 395 ? 

23. The following is a short way of dividing a number by 
5. Take one tenth of the number and double it. That of 
course gives 2 tenths, which is equal to one fifth. Take the 
numbers in the last example, and divide by 5 in this way. 
One fifth of 140 ; one tenth is 14, double that is 28. One 
fifth of 385 ; one tenth is 38 and 5 tenths, twice that is 77. 
One fifth of 260 ; one tenth is 26, twice 26 is 52. One fifth 
of 480 ; one tenth is 48, twice that is 96. What is one fifth 
of 390 ? of 580 ? 470 ? 865 ? 395 ? 

24. The following is a short way of multiplying a number 
by 25. Take one fourth of the number ; multiply that by 
100. This will give 100 fourths, which are equal to 25 whole 
ones. 

Multiply 40 by 25 ; one fourth is 10, one hundred times 
that are 1000. Multiply 60 by 25 ; one fourth is 15, 1500. 
Multiply 80 by 25 ; one fourth is 20, 2000. 
Multiply 120 by 25 ; a fourth is SO, 3000. 
Multiply 112 by 25 ; a fourth is 28, 2800. 
Multiply 116 by 25 ; a fourth is 29, 2900. 

25. Multiply 22 by 25 ; one fourth is 5 and a half; 100 
times this are 5 hundred and half a hundred, 550. 

Multiply 26 by 25 ; one fourth is 6J, 650. 

Multiply 28 by 25 ; one fourth is 7, 700. 

Multiply 30 by 25 ; 32 by 25 ; 34 by 25 ; 36 by 25 ; 40 



DIVISIOV. S8 

Multiplj 42 by 25; 44 by 25 ; 46 by 25; 48 by 25; 50 
by 25. 

26. Multiply 13 by 25 ; one fourth is 3 and one fourth ; 
one hundred times this is 300, and one fourth of a hundred, or 
25, 325. 

Multiply ^15 by 25 ; one fourth is 3 and three fourths, one 
hundred times dus are 3 hundred and 3 fourths of a hundred, 
or 75, 375. 

Multiply 17 by 25 ; 19 by 25 ; 21 by 25 ; 23 by 25 ; 87 
by 25 ; 29 by 25 ; 31 by 25 ; 33 by 25 ; 35 by 25. 

27. Multiply 116 by 25; one fourth is 29, 2900. 
Multiply 117 by 25 ; one fourth is 29^, 2925. 
Multiply 121 by 25 ; 87 by 25 ; 156 by 25 ; 960 by 25. 
28.* What is one third of 60? of90? of 120? of 15?of 

150? of 45? of 450? 

What is one third of 18? of 180? of 21? 210? of 36? of 
860? of 30? of 390? 

What is one third of 72 ? divide into 60 and 12. 

What is one third of 54 ? of85?of98? 

What is one sixth of 60 ? of 80 ? divide into 60 and 20. Of 
74?of84?of96?ofl00? 

What is one sixth of 12 ? of 120? of 130 ? of 140 ? of 144? 

What is one sixth of 18 ? of 180 ? of 200 ? of 210? of 220? 

What is one sixth of 384 ? of 492 ? divide into 480 and 12. 
Of 555 ? divide into 540 and 15. Of 620 ? of 726 ? of 947 ? 

29. What are the two factors of 18 ? of 180 ? 

What are the two factors of 27 ? of 270 ? of 22 ? of 220? 
of 85? of 350? Of54?of540?of45?of450?of21?of210? 
of 28 ? of 280 ? of 42 ? of 420 ? 

30. What two numbers multiplied together will produot 
24? 

What other two factors will produce 24 ? What other two ? 

What two factors will produce 240? What other two? 
What others ? 

What two factors will produce 30 ? What others ? 

What two factors will produce 300 ? What others ? 

What two factors will produce 18 ? What others ? 

What two will produce 180 ? What others ? 

Name all the pairs of factors that will produce 36 ? 860 ? 
48?480?60?600?64?640?72?720? 



■^^ 



♦Note 4. 
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31. Wha( is one nintfh of 27 ? A mm divided 270 doHars 
equally among 9 persons ; how much did he give to each ? 

32. What is one fourth of 48 ? If 480 dollars are divided 
Into 4 equal shares, what will each share be ? 

What is one eighth of 480 ? one sixth of 480 ? one twelfth 
of480? 

33. What is one seventh of 63 ? If a ship sails at a uni- 
form rate, 630 miles in a week, how many miles does she sail 
in a daj ? 

What is one ninth of 630 ? What is one sixth of 630 ? 
What is one third of 630 ? 

34. What is one fifth of 25 ? If 250 trees are placed in 5 
equal rows, how many will there be in each row ? 

If placed in 50 equal rows, how many would there be in 
each row ? 

35. What is one fourth of 36 ? In a circle there are 360 
degrees ; how many are there in one fourth of a circle ? How 
many in one eighth of a circle ? How many in one sixteenth 
of a circle ? 

36. What is one eighth of 56 ? If 560 trees were planted 
in 8 equal rows, how many would there be in each row ? If 
planted in 16 rows, how many would there be in each row? 

37. What is one eleventh of 55 ? If you place 550 trees in 
11 equal rows, how many will there be in a row ? If you 
place them in fifty rows, how many will there be in each 
row ? If you place them in 25 rows, how many will there be 
iii eiwh row ? 

38. What is one twelfth of 96 ? If a man spends 960 dol- 
lars in a year, how much will be his average expense for 
taefa month? 

39. What is one tenth of 40 ? of 400 ? of 4000 ? 

What is one fourth of 40 ? 400 ? of 4000 ? of 80 ? of 800 ? 
of 8000 ? One ft)urth of 12? of 120? of 1200 ? of 12,000. 

40. What is one fifteenth of 60 ? of 600 ? of 6000 ? 
What is one thirtieth of 60 ? of 600 ? of 6000 ? of 1200 ? 

of 12,000? 

41. What is one fifth of 92? What is one thwd of 51 ? 
One fourth of 65 ? One fifth of 78? One sixth of 96 ? One 
seventh of 100 ? Divide into 70 md 30. What is one 
ninth of 117 ? Ans. One ninth of 90 is 10 ; (me ninth of 27 
is 3; 10 and 3 are 13. 

42. What is one third of 49 ? one sixth of 84 ? one fifth 
of 79 ? one eighth of 100 ? one seventh of 91 ? one sixth of 
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79? one fourth of 76 ? of 92? of 67? of 60? of 52? of 65? 
of70? 

43. What is one fourth of 480? What is one fifth of 155 ? 
Divide into 150 and 5. What is one fourth of 920 ? What 
is one fifth of 15,765. This number may be divided into 
15,000, 750 and 15, or 15,000, 500, 250 and 15. 

44* What is one sixth of 4836? One eighth of 336? 
Divide into 320 and 16. What is one seventh of 574 ? one 
third of 684? one sixth of 43,248 ? one ninth of 72,108 ? of 
64,827 ? one fifth of 5275 ? one fourth of 92,648 ? 

45. What is one third of 6156 ? of 8436 ? 

46. What is one fourth of 6428 ? of 9648 ? 

47. What is one fifth of 7655 ? of 12,535 ? 

48. What is one sixth of 13,218 ? of 1944 ? 

49. What is one seventh of 10,542 ? of 14,280 ? 

50. What is one eighth of 1682 ? of 2560 ? 



SECTION V. 

TABLE OP TIME. 

60 Seconds, [sec.] make 1 Minute, marked m. 

60 Minutes 1 Hour, • • • • • h. 

24 Hours 1 Day, d. 

7 Days 1 Week, • • • • w. 

4 Weeks 1 Month, mo. 

52 Weeks, 1 day, 6 hours 1 Year, • * y. 

365 Days, 6 Hours 1 Year, y. 

12 Calendar Months 1 Year, • • • •y. 

In common reckoning, 4 weeks are called a month, but this 
is merely for convenience in doing business. The number of 
days in a calendar month is 30 or 31 ; except February, 
which has 28 days, and in leap year 29. The 6 hours over 
and above the 365 days in a year, will in 4 years amount to 
a whole day ; it is then added to February, making 29 days, 
and that year is called leap year. The number of days in 

\ » Note 5. 
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the Other months may be seen in the line below. The months 
connected by a tie drawn over the words have 31 days ; those 
connected by a tie underneath have 30. 



Jan. Feb. March. April. May. June. July. August. Sept Oct Nov. Dec. 
^. 29. ^ ' ' ' 

You observe that beginning with January, every alternate 
month has 31 days, till you come to July and August. Here 
there are two months together that have 31, and then the al- 
ternation goes on as before to the end of the year. 

The leap year may be easily known from the fact that the 
number of the year is exactly divisible by 4. Thus 1844 
was leap year ; the number can be divided by 4. 

What years in the present century have been leap years ? 
What years will be leap years from now to the dose of the 
century ? 

1. In one minute there are 60 seconds ; in one hour there 
are 60 minutes. How many seconds are there in one hour ? 
How many in 10 hours? How many in 20 hours? How 
many in one day ? How many in seven days, or one week ? 
How many in ten days ? In 100 days ? In 300 days ? In 
350 days? In 865 days? 

2. If you save 30 minutes from idleness each day, how 
many hours will you save in a week ? How many in 5 
weeks ? How many in 50 weeks ? How many in 52 weeks ? 

3. If you read 40 pages each day, how many pages will you 
read in one week ? How many in 10 weeks ? How many 
in 52 weeks ? 

4. If a printer sets 4 pages of type in a day, in how many 
days will he set the type for a book of 500 pages? What ^ 
will his wages come to at $1,50 a day ? 

5. If there are 300 members in the Legislature of Massa- 
chusetts, and each member receives 2 dollars a day during 
the session, what does the pay of all the members come to for 
one day ? What does the pay of the Legislature amount to 
for one week ? For 10 weeks ? 

6. The number of members in Congress is about 275. At 
8 dollars a day, what is the amount of their pay each day ? 
What would be the amount of their pay for 10 days ? For 
100 days ? 

7. How many days are there in the 3 months of spring ? 
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How many days in the 3 months of sammer? How many 
days in autumn ? 

8. How many days in the winter of leap year? How 
many days were there in the winter of 1844 ? How many 
days in the winter of 1845 ? 

9. If January comes in on Monday, on what day of the 
week will February come in ? 

If March comes in on Wednesday, on what day of the 
week will April come in ? 

If August comes in on Saturday, on what day of the week 
wiU September come in ? 

10. If April comes in on Sunday, on what day of the week 
will it go out ? 

K June comes in on 'Tuesday, on what day will it go out ? 
If September comes in on Saturday, on what day will it go 
out? 

11. If January comes in on Friday, how many Sundays 
will there be in that month ? 

If it comes in on Thursday, how many Sundays will there 
be in that month ? 

If June comes in on Friday, how many Sundays will there 
be in that month ? If it comes in on Saturday, how many ? 

If February comes in on Saturday, and that year is leap 
year, how many Saturdays will there be in the month ? If 
it is not leap year, how many ? 

In 1845 February came in on Saturday, how many Sat- 
urdays were there in that month ? * 

In 1844 February came in on Thursday, how many Thurs- 
days were there in that month ? 

12. If January comes in on Monday, on what day of the 
week will March come in, if it is leap year? On what day, 
if it is not leap year ? 

13. If June comes in on Wednesday, what day of the week 
will the 1st of August be ? The 9th ? the 12th ? the 15th ? 
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TABUS or LINEAR MEASUBE. 

12 inches, •• 1 foot, ft. 

3 feet, 1 yard, yd. 

5^ yards, 16 J feet, 1 rod, rd. 

40 rods, 1 furlong, fur. 

8 farlong8=5320 rods, 1 mile, m. 

3 miles, 1 league, L 

69 J miles, 1 degree of latitude, • • • • deg. 

For lengths less than an inch, the inch is divided into 
fourths, eighths, tenths, or twelfths. 

1. How many inches in 2 feet ? In 4 feet ? In 5 feet ? 
In 7 feet ? In 10 feet ? In 12 feet ? How many inches in 
4 yards ? In 1 rod ? In 3 rods ? How many feet in 1 fur- 
long ? In 2 furlongs ? In 4 furlongs ? In 1 mile ? 

2. How many miles in 46 leagues? In 132 leagues? 
How many miles in 2 degrees of latitude ? In 3 degrees ? 
In 4^ degrees ? In 6 degrees ? 

In estimating the miles in any number of degrees of latitude, 
it is most convenient to call a degree 70 miles, and then, if 
we wish to be accurate, we may subtract from the answer half 
as many miles as there are degrees. In this way the distance 
of phices from each other may be determined on a map : the 
degrees of latitude on the margin may he used as a scale of 
mi^e. If the distance of two places from each other, is equal 
to 6^ degrees of latitude, how many miles are they apart ? 

3. How many yards in iO rods ? In 20 rods ? In 30 rods ? 
In 1 furlong ? In 8 furlongs, or 1 mile ? - . 

. 4« In measuring land or a road with a chain 4 rods long, 
how many times must the chain be applied to the ground in 
measuring one mile ? How many times in measuring the road 
from Boston to Salem, 15 miles ? How many in measuring 
from Boston to Providence, 40 miles ? 

5. K a man walks three miles in an hour, how many min- 
utes will he be in walking 1 mile ? How many minutes in 
walking 1 fourth of a mile ? How many rods will |ie walk 
in 1 minute? Ans. 16. 

How many seconds will he be, then, in walking 1 rod ? 
16 will go into 60, 8 times and 12 over. He will be, then, a 
little less than 4 seconds in walking 1 rod* 

Let us now suppose he is precisely 4 seconds in walking 
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1 rod ; how many rods would he walk in a minute ? How 
many in 10 minutes? How many in 60 minutes? How 
many miles ? 

6. If a man in walking takes 6 steps to a rod, how many 
steps will he take in walking a mile ? How many in walking 
10 miles ? How many in walking 40 miles ? 

7. If a man in walking takes 6 steps to a rod, and takes 2 
steps in a second, how many seconds will he be in walking 
one rod ? How many seconds in walking 10 rods ? 20 rods r 
If a man walks 20 rods in one minute, how many minutes 
wlQ it take him to walk a mile ? 20 are contained in 320 just 
as many times as 2 are contained in 32. 

8. If a man walks 20 rods in one minute, how long will it 
take him to walk 4 miles ? 

9. If a rail-road train goes 30 miles in an hour, how far 
does it go in one minute ? How many rods in one second ? 

Ans. 30 miles in 60 minutes is 1 mile in 2 minutes ; half a 
mile in one minute ; quarter of a mile in half a minute ; that 
is 80 rods in 30 seconds ; that is 8 rods in 3 seconds ; and in 1 
second, one third of 8 rods or 2 rods and two thirds. 

10. How many rods in 14 miles ? 

In one rod there are 16^ feet. In one mile there are 320 
rods ; how many feet are there in a mile ? There are various 
ways of finding the answer to this question ; some of them will 
be suggested, and the pupil left to take his choice. 

First, how many feet are there in 300 rods ? 

This is not difficult, for in 3 rods there are three times 16^ 
feet, and in 300 rods there 100 times as many. 3 times 15 
feet are 45 feet ; 3 times 1^ feet are 4^, whwh added to 45 
make 49^ feet in 3 rods. Now 100 times 49 ate 4900, and 
100 halves are 50 ; 4950 feet in 300 rods. In 20 rods, there 
are ten times as many feet as in 2 rods ; in 2 rods there are 
twice 16 J or 33 ; in 20 rods therefore there are 330 feet; 800 
added to 4900 make 5200, and 30 added to 50 make 80 ; 
there are then 5280 feet in a mile. 

Another method would be to multiply 320 first by 8, and 
ntbat product by 2, for 8 and 2 are the factors of 16 ; then as 
there was ^ a foot in each rod left out, there must be added 
half as many feet as there are rods, or half of 320. 

Another method would be to multiply 320 by 10, then by 
six and add the products, and lastly by \ and add that to tlie 
other producti^ 

3* 
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The pupil can try each of these ways, and sec if he obtains 
the same answer. 

Let us now see if our answer is correct. K there are 5260 
feet in a mile, how many are there in half a mile ? One half 
of 5200 is 2600, one half of 80 is 40 ; there are then 2640 
feet in half a mile. How many in 1 fourth of a mile ? One 
half of 2640 feet, which is 1320. Now 1 fourth of a mile is 
80 rods. If then there are 1320 feet in 80 rods, how many 
will there be in 8 rods ? One tenth as many. . One tenth of 
1320 is 132. Now how many are there in one rod ? One 
eighth of 132 : dividing 132 into 80 and 52 ; one eighth of 
80 is 10, and one eighth of 52 is 6 1 or ^, which added to 10 
make 16^.. We have now come down from 5280, and arrived 
by successive divisions to 16^ the number from which we 
started at first. The answer is thus proved to be correct. 

11. How many feet are there in 2 rods ? In 20 rods ? In 
200 rods ? 

12. How many feet are there in 3 rods ? In 30 rods ? In 
300 rods ? In 8 rods ? In 80 rods, or quarter of a mile ? 

13. How many rods are there in 2 miles ? In 4 miles ? 
In 8 miles ? In 20 miles ? In 30 miles ? In 50 miles ? 

14. How many rods are there in half a mile ? In three 
fourths of a mile ? In one mile and a half? In one mile and 
three furlongs ? In two miles and five furlongs ? In 4 miles 
and 7 furlongs ? 

15. How many yards are there in 2 rods ? In 20 rods ? 
In 3 rods ? In 30 rods ? In 300 rods ? 

How many yards are there in 3 rods and 4 feet ? How 
many yards are there in 17 rods 11 feet? 

16. How many inches are there in 7 feet ? In 9 feet ? fn 
6 feet ? In 8 feet and 6 inches ? In 11 feet 9 inches ? 

17. How many inches are there in 1 rod, or 16^ feet? 
How many inches in 2 rods ? In 3 rods ? In 4 rods ? 

18. A house is 46 feet and 5 inches in length, how many 
inches long is it ? 

A creeping vine grows on an average 3 inches a day ; how 
many days will it take to grow from the ground to the top of 
a house that is 25 feet high ? 

19. A stage-horse travels 13 miles and 20 rods each day ; 
1k)W far will he travel in 60 days ? How far in 120 ? 

20. How far wiU the horse travel in a year, if he rests 5 
dajs in the year ? * 
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21. Wh^t IS the weight 6f iron used in one mik of rail- 
road, allowing 55 pounds for a yard of rail ? 

One yard of heavy rail weighs 55 pounds. Twice this, or 
110 pounds, would be the weight of both rails for one yard 
of a sin^e track. Five and a half times this would be the 
weight fer one rod. From this may be obtained the weight 
for 10 rods ; for 100 rods ; for 300 rods ; for 820 rods. 

22. What would be the cost of the iron for a single track 
of on:e mile of rail-road at 4 cents a pound? How much 
would be saved in the expense of &e iron for one mile of rail- 
road, if the price of iron should be reduced one cent a pound ? 

23. If the cost of the iron for a single track of rail-road is 
6000 dollars a mile, and the cost of the land and tHe labor of 
construction equals that of the iron, what would be the cost 
of 15 miles of rail-road ? of 24 miles ? 

24. What would be the cost of constructing one mile of 
common road at $2,25 a rod ? 

25. What would be the cost of building 80 rods of common 
wall at 54 cents a rod ? 

26. If a horse travels 10 miles in an hour, how long is he 
in traveling 1 mile ? How long in traveling ^ of a mile, or 
80 rods? How many seconds is he in traveling 8 rods? 
How long in traveling 1 rod ? 

27. A body falling through the air, falls in the first second 
1 67 feet, and each succeeding second it falls twice 16^ feet 
further than in the preceding second. How far would a stone 
fall in 2 seconds ? 

28. How fisir would it fall in the third second? How far 
Would it fisiU in 8 seconds ? 

29. How far would it fall in the fourth second ? How far 
would it fall in 4 seconds ? 

80. Sound moves through the air at the rate of 1090* feet 
■tn a second. How many feet will it move in 3 seconds ? How 
many feet in 4 seconds ? How many feet in 5 seconds ? 

As sound is found thus to' pass 5450 feet in 5 seconds, and 
as there are 5280 feet in a mile, we see that in 5 seconds 
sound moves 170 feet more than a mile. Now as 165 feet is 
just 10 rods, we say, without much error, that sound moves 
1 mile and 10 rods in 5 seconds. This is accurate enough for 
all common purposes, and you will do well to fix it in your 
memory, and make your calculations from it. 

* Professor Pierce on Sounds. 
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31. How many lods will sound move in 1 seoond? One 

fifth of 320+10 iod8,=66 rods. 

32. How many rods in 2 seconds ? How many rods in 4 
seocHids? 

Thns, if you watch the stroke of an axe used by some one 
at a distance, and observe that the sound comes to you one 
second hiter than you see the stroke, you may know that the 
distance is 66 rods. If the sound of a bell comes to you two 
seconds after the stn^e is given, you must be distant fixun the 
bell 132 rods. In these cases no aUowance is made for the 
transmission of light. You are supposed to see the moticm as 
so(m as it occurs. This is not strictly the &ct ; but the time 
is so exceedingly small that it need not be taken into the 
account. 

33. In a still night a church bell is sometimes heard at the 
distance of 12 miles ; how many seconds, or nearly how many, 
after the stroke would the sound be heiurd at that dbtance ? 

34. If the report accompanying a flash of lightning is heard 
4 seconds after the flash is seen, how far from the hearer was 
the discharge ? How far, if the time between the flash and 
the roport is 6 seconds ? How £eu:, if the time is 8 seconds ? 
How flu*, if the time is 10 seconds r How far, if the time is 
15 seconds? 

35. The report of a cannon has, in some instances, been 
heard at thg, distance of 100 miles : in how many seconds, or 
nearly how many, after the dischai^, would the report be 
heard at that distance ? In how many minutes ? 

36. By means of a magnetic telegraph it is possible to com- 
municate intelligence instantly from New Orleans to Boston, a 
distance of 1500 miles. If this intelligence could be commti- 
nicated by sound passing through the air, bow long would it 
be traveling that distance, allowing 5 seconds to a mile ? 

37. A ball discharged from a gun moves at first with a 
greater speed than sound, bat it moves slower and slower, 
and before it is spent the report overtakes it, and passes by 
it : for sound moves always at the same rate. 

38. If a cannon ball moves a mile in 8 seconds, how long 
would it be in moving 3 miles? How long in moving one 
fourth of a mile ? How long in moving one eighth of a mile ? 
How long in moving 1| miles : 
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SECTION VI. 

TABLE OF FEDERAL MONET. 

10 Mills make 1 Cent, marked* • • ^ct. 

10 Cents, 1 Dime, d. 

10 Dimes, 1 Dollar, D. 

10 Dollars, 1 Eagle, E. 

This is established by law as the currency of the United 
States. 

The general mark for Federal Money is $, as $5.14, five 
dollars fourteen cents. A period must sdways. be placed be- 
tween dollars and cents. 

1. How many mills in 2 cents? In 10 cents? In 12 
cents ? In 5^ cents ? In 12^ cents ? In 36 cents ? In 1 
dollar? 

2. How many cents in 5 dimes? In 11 dimes? In 16 
dimes ? In 4^ dollars ? In 17J dollars ? In 12| dollars ? 

3. How many dimes in 7 dollars ? In 13^ dollars ? In 3 
eagles ? In 56 dollars ? In 100 dollars ? 

4. How many cents in 35 mills ? In 180 mills ? In 600 
mills ? How many dimes in 80 cents ? In 210 cents ? In 
740 cents ? 

5. How many dollars in 350 cents ? In 325 cents ? In 
700 cents ? In 850 cents ? In 1400 cents ? In 1675 cents ? 
In 925 cents ? 

TABLE OF STERLING MONEY. 

4 farthings [qr.] make* * 'l penny, marked* ^d. 

12 pence, 1 shilling, s. 

20 shillings, 1 pound, *£. 

This is the currency of Great Britain. 

1. How many farthings are there in 3 pence ? In 7 pence ? 
In 8 pence ? In 10 pence ? In 11 pence ? 

2. How many pence in 2 shillings ? In 12 shillings? In 
15 shillings ? In 18 shillings ? In 16 shillings ? 

3. How many shillings in 4 pounds ? In 7 pounds ? In 
18 pounds ? In 36 pounds ? In 84 pounds ? 
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4. How many farthings in 1 shilling and 6 pence ? In 2 
shillings and 6 pence ? In 15 shillings and 4 pence ? 

How many pence in 10 shillings ? In 20 shillings ? In 2 
pounds ? In i pounds ? In 12 pounds ? 

5. How many farthings in 1 pound ? In 5 pounds ? In 
8 pounds ? In 1 pound 2 shillings ? 

6. How many pence in 45 farthings ? In 128 farthings ? 
In 464 farthings ? In 1296 farthings ? In 648 farthings ? 

7. How many shillings in 80 pence ? In 67 pence ? In 
372 pence ? In 649 pence ? In 840 pence ? 

8. How many pounds in 267 shillings ? In 845 shillings ? 
In 432 shiUings ? In 640 shillings ? In 4000 shillings ? 

9. How many pounds in 890 pence ? In 16,000 farthings ? 
In 720 pence ? In 1200 pence ? In 456 pence ? 

10. How many pence in 5 pounds 4 shillings? In 7 
pounds 8 shillings ? In 12 pounds 3 shillings ? 

How many farthings in 4 shillings 6 pence ? In 9 shillings ? 
How many farthings in 6 pounds 3 shillings 8 pence ? 

11. A man set out on a journey with £4 8s 6d in his 
pocket : before spending any thing, he received in payment of 
a debt £2 3s 8d. How much had he then ? When he arrived 
home he had spent £1 4s 6d. How much had he then ? 

These denominations, you must bear in mind, have not the 
same value in English currency, that they have in the United 
States. 

In our country they have different values in the different 
States^ but in none of them so high a value as in England. 
In the New England States a shilling is equal to 16 cents and 
two thirds, and 6 shillings make a dollar. In New York 12 
and a half cents are a shilling, and 8 shillings a dollar. In 
other States the values are still different ; but these denomi- 
nations are gradually giving way to those of the Federal 
currency. They are now used only in naming prices. Ac- 
counts are not kept in them, and all that is important in them 
may be learned by practice without further notice here. 

Li the Sterling currency, used in England, a pound is equal 
to 4 dollars, 44 cents and 4 mills ; 10 shillings, theref^e, or 
half a pound, are 2 dollars, 22 cents, 2 miUs ; and 1 shilling is 
one tenth part of that, or 22 cents, 2 mills. An English six- 
pence is, therefore, 11 cents 1 mill. The following table will 
be useful in exchanging English money to our own* 
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1 pound, £, 18 $4,444 

10 shillings, or half a pound, 2.22 2 

1 shilling, 22 2 

6d, or half a shiDing, 11 1 

4 shillings, 6 pence, 1.00 

1 guinea, 21 shillings, • • • 4.66 6 

The actual value of the English monej is a little higher 
than is here stated, but this is sufficiently accurate for a gen- 
eral table. 

1. What is the value in dollars and cents of 2£ ? 3£ ? 4£ ? 
6£? 1£ 6s? 2£ 8s? 8s 6d? 5s 9d? 



TABLE OF DRY MEASURE. 

2 pints, [pt] make 1 quart, marked qt 

4 quarts, 1 gallon, g^. 

8 quarts, 1 peck, pk. 

4 pecks, 1 bushel, bu. 

8 busheb, 1 quarter, qr. 

86 bushels, 1 chaldron, ch. 

These denominations are used for measuring grain, fruit, 
and coal. The pint, quart, and gallon are larger than the 
same denominations in wine measure, and less than those of 
beer measure. 

1. How many pints in 1 peck ? In 8 pecks ? In 1 bushel ? 
In 8 bushels ? In 4 bushels ? 

2. How many quarts are there in 1 bushel ? In 4 bushels? 
How many pedks in 7 quarters ? In 2 chaldrons ? 

8. If a horse eat 4 quarts of oats each day, how many 
bushels will he eat in 10 weeks ? How many bushels in 50 
weeks ? In 52 weeks ? 

What will they cost at 50 cents a bushel ? 

4. In 80 quarts how many pecks ? How many bushels ? 
In 644 quarts how many pecks ? How many bushels ? 
In 7840 quarts how many pecks ? How many bushels ? 

5. In 100 pints how many pecks ? How many bushels ? 
In 620 pints how many pecks ? How many bushels ? 
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TABLE OF AVOIBDUPOIS WEIGBT. 

16 drams, [dr.] inake 1 ounce, maiiEed oz. 

16 ounces, 1 pound, lb. 

25 pounds, 1 quarter, (net wt) qr. 

28 pounds, 1 « (gross wt) " 

4 quarters,- • • • • 1 hundred weight, ewt. 

20 hundred weight, 1 Ton, T. 

These denominations are used in weighing hay, grain, meat, 
flour, and all the most common articles bought and sold by 
weight. Formerly, on account of the waste in handliDg such 
articles, their shrinking in drying, and worthless admixtures 
sometimes found in them, 112 pounds were allowed for one 
hundred weight ; this mside 28 pounds one quarter. This is 
called gross weight. It is now, however, but little used. When 
100 pounds are called a cwt., it is called net weight. 

1. How many. drams in 3 oz.? In 5 oz.? In 8 oz.? In 
11 oz. ? How many oz. in 12 lbs. ? In 15 lbs. ? In 20 lbs. ? 
In 32 lbs.? In 45 lbs.? 

^ 2. How many lbs. in 4 cwt net weight ? In 4 cwt gross? 
In 6 cwt net weight ? In 6 cwt. gross ? In 5 cwt 2 qrs. 
net ? In 5 cwt 2 qrs. gross ? In 7 cwt 3 qrs. net weight ? 
la 7 cwt 3 qrs. gross ? 

3. How many lbs. in a ton, net weight ? In a ton, gross ? 
How many lbs. in 5 tons, 3 cwt, net ? Si 5 tons, 3 cwt. gross ? 

4. There are 2 loads of hay whose net weight is as follows; 
the first, 25 cwt. 3 qrs. 17 lbs. ; the second, 17 cwt. 2 qrs. 21 
lbs. What is the weight of both ? 

5. A man set out for market with a load of hay weighing 
36 cwt. 2 qrs. 15 lbs., net weight ; he lost a part of it ; the re- 
mainder weighed 25 cwt 1 qr. 8 lbs. How nmch did he lose ? 

6. If there are 196 lbs. in a barrel of flour, how many 
pounds net weight are there in 10 barrels ? 

196 lbs. are 7 quarters gross ; how many cwt gross are there 
in 10 barrels of flour ? 

7. How many pounds are there in 100 oz. ? In 650 os. ? 

8. A barrel of flour weighs 7 quarters gtooB ; how many 
tons gross, are there in 100 barrels of flour ? 

9. What will be the expense of transpcnrting by raO-road 
100 barrels flour, 100 miles, at the rate of 3 dollars a ton ? 

What will be the expense of transporting a single barrel ? 
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lOG barrels s^ 700 (|rsL, ^9S we^ht, 400 qrg.=100 cwt^ 
5 tons": 300 qrs.:^7^ cwt.=T=3 toQ^ Id ewU; t)us added to 5 
toiiB, m^kes ^ tons, 15 cwt : 

10, THe freight of goods by wsigon is about 20 dollars a - 
ton gross tor tOt) miles ; at this rate wliat will be the cost of 
carrying a barrel of flour 100 miles? 

TA5LE OF TROY WEIGHT. 

24 grains [gr.] make 1 penny weighty .••.... • •« -d^ 

20 pennywci^ts, • » ^ 1 ounce, •• • • •.••. .•-••• .©^ 

12 ounces, ••••• -1 pound, ^..,........ lb* 

This is used for weighing gold and silver. The poiffid 
Troj l& nearly one ^th less than the pound Avoirdupois. : 

1. How many grains in 6 pennyweights? In 8 penny- 
weights? In 12 pennyweights? Inlo2.? In2o:tf.? In 
4 oz. ? In 6 oz« ? ■ ■ ■. 

2. How many pennyweights in 8 oz, ? In H oz.? In 1 
lb.? In '3 lbs. ? ^In 8 IbsJ? In 5 lbs. ? Inllb.3oz.? In^r 
2lbfr5oe.? 

3. How many oz. in 120 dwt ? In 480 dwL ? In 100 , 
grs. ? How many lbs. in JQO oz.? In 860 dwt? In X200 ' 
dwt? 

TABLE OF APOTHEC ABIES* WBIQHT. 

20 grs. make. • • •. • • 1 scruple, marked •••.•?•• 9 ^ 

3 scruples, 1 dram, • • • • • 5 

8 drams, • • • • 1 ounce, • S . 

12 ounces, 1 pound, lb 



-1 



This table is used only by apothecaries in mixing medi* 
cines. The pound and ounoi^ are the saspMB as in Troy weight 

TABLE OP CLOTH MEASURE. 
• ■ . • • ' .....,' • "• 

2^ inches [in.] make • • » • I nail, marked • • • /Ua,* 

4 nailsj,*,' ♦ • » ......... f quarter, ............. .qrl* , 

4 quarters, • • • . • . 1 yard, yd. ' 

.8 quarters, • 1 ell Flenjish, FL e^ 

5 quarters, 1 ell English, * E. e. 

6 quarters, • . • 1 ell French, ....... .Fr. e. 

• ' 4 - 



38 XEirrAL abitbhstic. 

1. How many inches in 1 qr. ? In 1 yd.? In 8 yds. ? In 
lEll. Eng.? InlEn. Fr.? In 1 Ell. FL ? 

2. How many inches in 4 yds, ? In 7 yds. ? In 12 yds. ? 
In 10 yds.? In 20yds,? In 6 yds, 8 qrs. ? In4yds. Iqr.? 



TABUS OF WINE MEASURE. 

4 gills [gL] make 1 pint, marked pt. 

2 pints, 1 quart, qt. 

4 quarts, 1 gallon, gml. 

81^ gallons, • • • ♦ 1 barrel, bL 



63 gallons, 1 hogshead, hhd. 

2 hogsheads, 1 pipe 

2 pipes, ...•....! tun. 



2 hogsheads, 1 pipe, p. 



This table is used for measuring wine, spirits, eider, and 
water. 

1. How many gills in 1 quart ? In 1 gaL ? In 4 gals. ? 
In 6 gals. ? In 10 gals.? In 18 gals.? In 15 gals. ? 

2. How many pints in 1 gal. ? In 4 gals. ? £ 20 gals. ? 
How many qts. in 1 barrel ? In one hogshead ? 

8. How many gallons in 5 barrels? In 8 barrels ? How 
many gals, in half a barrel ? In one fourth of a barrel ? 

4. In 100 gals, how many barrels? In 800 gals, how 
many bis. ? 

5. At 14 cents a gallon, what is 1 qt of yinegar worth ? 8 
qts.? 6 qts.? 10 qts.? 15 qts.? 21 qts. ? 80 qts.? 

6. What is one barrel of yinegar worth at 15 ct8.a gall<m? 
How much, if the price is 20 cts. a gaL ? 



A TABLE OF ALE OB BEEB MEASUBE. 

(Used in measnring malt liquors, and milk.) 

2 pints [pt.] make . . . • t • . 1 quart, • • • qt, 

4 quarts, • • • 1 gallon, • gaL 

86 gallons, • » .. ♦! barrel, bL 

The beer gallon is a little more than one fifth larger than 
the wine eallon* There are other measures of beer besides 
those m the tables ; as the firkin of 9 gallpns ; the kUierkiii, 
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18 ; tbe hogshead, 54 ; but these are not much osed in this 
country. A barrel o£ wine contains not quite three fourths 
as much as a barrel of beer. 

1. In 1 bl. how many pints ? How many pints in 3 bis. ? 
How nuiny gallons in 5 bis. ? In 12 bis. ? In 15 bis. ? la 
21 bis.? 

2. In 100 gallons, how many bis. ? How many bis. in 400 
gals. ? First consider how many bis. there are in 360 gals. ? 

HEASUBE OF THE CXBGLE. 

Every circle is supposed to have iU circumference divided 
into 360 equal parts, called degrees ; and each degree into 60 
parts, called minutes ; and each minute into 60 parts, called 
seconds. Whether the circle is great or small, it is still 
divided into 360 degrees ; a degree therefore is always the 
same fixed part of the circumference of a circle, although its 
actual length is longer or shorter, according as the circle is 
great or small. The line passing from the centre to the cir- 
cumference is called the radius of the circle. To give you 
some idea of the length of a degree in circles of different 
magnitudes, I will state that, on comparing a degree in any 
circle with its radius, it has been found to be about one fifty- 
eighth part of it. In other words, 58 degrees on the circum- 
ference of a circle are about equal to the radius. If a degree 
is 1 inch, the radius of that circle is 58 inches. If the radius 
of a carriage wheel is 29 inches, a degree on the rim of the 
aame wheel will be half an inch. 

If we take for illustration one of the largest sized water 
wheels, 29 feet in diameter, a degree on its rim would meas- 
ure only 3 inches. 

You may enlarge the circle in your mind, till you suppose 
it extending over a plain, with a radius of 58 rods ; a degree 
on such a circle will measure 1 rod. If the radius is 58 
miles, a degree will measure 1 mile. Now the circle round 
the earth is so great in extent that a degree measures 69}> 
miles. This may aid you in forming a conception of the vast 
magnitude of the earth. 

Each of these degrees is divided into 60 minutes, or geo- 
graphical miles ; a geographical mile therefore is about one 
sixth greater than a common mile. The table of circular 
measure is as follows : 
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(BO seconds [''] make ..•.•.! minute, ..♦•..•...•. '. ^ 

1 60 minutes (or geog. msles) 1 degree^ . ♦ . . , ^ o. 

360 degrees a circle. 

The term niiles instead of minutes, can be used only &i 
Reference to the great circle of the earth. 

As the e^th turns round on its axis once in 24 hours, 
eVeiy place upon it passes in that time through the ^60 de- 
grees of its circle ; and on the equator, which is the great 
circle, each of these degrees, we have seen, is 69^ miles, 
r How swiftly then does a body lying on the, equator n^ove 
in consequence of the daily revolution of the eJlrth ? 

In 24 hours it passes through 360 degrees ; in one hour 
then it will pass through one twenty-fourth part as many, 
which is 15 degrees. If it pass through , 15 degrees in onie 
liour, how many minutes will it be in passing through 1 de- 
'^ee ? One fifteenth of 60 minutes is 4 minutes. If it pass 
through a degree in 4 minutes, what part of a degree will it 
pass through in 1 minute ? One fourth of a degree, or 15 
geographical miiles. If it pass through 15 geographical miic^ 
in 1 minute, in how many seconds will it pass through 1 geo- 
graphical mile ? In 4 seconds ; and in 1 second it wiU pass 
through one fourth of a geographical mile. 
, Now a geographical mile on the equator is, as we have seen, 
longer than, a common mile. We will hero suppose it no 
longer, but of the same length, and it appears that an object 
on the equator moves, as the vast earth whirls round on its 
iixis^ (me quarter ^f a mile every second of time. Reflect 
now,. that, while the surface of the earth moves with such 
amazing speed, so vast is its size, that it occupies an entire 
jday and night in turning once round. 

If, as above stated, the earth turns from west to east at the 
jrate of fifteen degrees in an hour, we can, by knowing the 
time of day in any place, ascertain what time it is at a place 
any particular number of degrees east or west of it. It Is 
noon at any place when the meridian of that place passes 
under the sun^ 

1. When it is noon at Boston, what time is it at a place 
15 degrees west of Boston ? At a place 15 degrees east of 
Boston? 

2. When it is 12 o'clock at Boston, what time is it at a 
place 1 degree west of Boston ? At a place 1 degree east df 



LOVOXTUPB AMD TDOB. il 

Boston ? At a place 2 degrees west of Boston ? At a place 
2 degrees east of Boston ? 3 decrees east ? 8 degrees west ? 
4 degrees east? 4 degrees west? 5 degrees east? 5 degrees 
west? 

3. lodianapolis is 15 degrees west of Boston ; when it Is 
noon at Boston, what time is it at Indianapolis ? When it is 
sunset at Boston, where will the sun be at Indianapolis ? 

4. Niagara Falls is 8 degrees west of Boston ; when it is 
noon at Boston, what time is it at Niagara Falls ? When it 
is 4 o'clock at Niagara Falls, what time is it at Boston ? 

5. Washington city is 6 degrees west of Boston ; if jou set 

your watch with the sun at Boston, and then carry it to 

nashbgton, your watch keeping accurate time all the while, 

when you arrive at Washington, will it be too fast or too 

slow ? and how much ? 

6. Two travelers met at a public house ; when one of them 
said to the other, ^' Friend, are you traveling east or west ? " 
^ I am direct from home," said the other, ^ where my watch 
agrees exactly with the sun, but here I find it is XO minutes 
too fast : now if you can tell which way I am traveling you are 
welcome to know." 

Had he traveled east, or west ? and how tar? 

7. Boston is 71 degrees west of London ; when it is noon 
at Boston, what time is it in London? 

8. The English convicts are transported to Botany Bay, 
150 degrees east of London ; when it is noon at London, what 
time is it in Botany Bay ? 

9. English traders are s'ettled on Columbia river, 120 de- 
grees west fromi London ; what time is it there when it is 
noon in London ? 

10. If a man is on the equator, which way must he travel, 
and how many geographical miles, to have the day 4 minutes 
longer than 24 hours? How far to have the day 2 minutes 
longer? How far to have it one minute longer? How far 
must he travel to have the day one minute and a half longer? 
Which way must he travel and how far, to have the day one 
minute shorter ? 2 minutes shorter ? 5 minutes shorter ? 

11. Suppose two birds start from the same place on the 
equator, and fly, one east and the other west, at the rate of 
60 geographical miles an hour, and at the end of the hour it 
is just sunset to the bird ^ying east; how high is the sun 
then at the ptaee where the other bird is? 

4* 



How high was the sun at the placeof their starting^ when 
they set out ? 

12. A shipmaster sails from New York for Europe, anS 
for three days it is so cloudy that he cannot see the sun ; on 
the fourth day he takes an observation of the sun at noon ; 
and by his chronometer, which gives the New York time, it 
is half past eleven ; how many degrees^ east from New Yofk 
has he sailed ? 

In what longitude is he then, if New York is 74° 1' west 
from Greenwich ? 



SECTION VII. 

PRIME NUMBERS. 

' Numbers may be divided into two great classes. The first 
class comprises such numbers as cannot be formed by the mul- 
tiplication of any two or more numbers together, as 1, 2, 3, 5, 
11, 17. These are called Prime numbers. The other class 
may be formed by multiplying two or more numbers together, 
as 4, which is formed by multiplying 2 by 2 ; 6, which is 
equal to 2X8; 10, which is equal to 2X6, &c. These are 
c^ed Composite numbers. These may always be ibrmed by 
multiplying two or more prime numbers together. Thus all 
numbers are either Prime, or are formed by the multiplica^ 
*tion of Prime numbers together. 

In separating numbers into their factors care should be 
taken tlmt the factors be all prime. Thus in rteolving 30 
into its fetors we may say it is formed by multiplying 5 bY 
6, but this is not sufficient, for 6 is not prime ; it is formed of 
the factors 2 and 3. The prime factors of 30 therefore are 
2, 8 and 5. We may say that 30 is formed of the factors 3 
and JO, but here again the analysis is not complete, for 10 
is not prime ; it is composed of the factors 2 and 5. Thus 
we are brought to the same three factors as before, namely, 
2, 8 and 5. 

The. following table of numbers from 1 to 100 will show 
"what of them are prime, and what are the prime factors of 
those which are composite. This table sh^iild^be ciir#fii% 
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studied aod mifej«» perfectly familiar. The analysis of oompo- 
site numbers into their prime factors lies at die foundation of 
some of th^ most important operations in numbers, and affords 
an insight into some of the most intricate rules of Arithmetic 



1 prime. 

2 prime. 

3 prime. 

5 prime. 
6=3X2. 
7 prime. 
8=2X2X2. 
9=3X3, 

lGb«2X6. 

11 prime. 

12 2X2X3- 

13 prime. 
14=2X7. 
15=3X5. 
16=2X2X2X2. 
17 pmne. 
18=dX8X3. 

19 prime. 

SlO=2X2X5. 

21^=^X7. 

22=2X11. 

23 prime. 

24p=2X2X2X3. 

25=5X5* 

26«ft2X13* 

27=3X3X3. 

28=2X2X7. 

29 prime. 

36:^2x3X5. 

81 |mme. 

32=2X2X2X2X2. 

83>i*>dxn' 
34=2X17. 
35=5X7. 
86a^X2X3X3. 
87 prhiM. 



38=2X1^. 
39=3X13. 

40=2X2X2X5. 
41 prime. 
42=2X8X7. 
43 prime. 

44=2X2X11. 

45=5 X 9. 

46=2X23. 

47 prime. 

48=2X2X2X2X8. 

49=7X7. 

50=2X5X5. 

51 prime. 

52=2X2X13. 

6S prime. 

54=2X3X8X3. 

55=5X11. 

56=2X2X2X7. 

57 prime. 

58=2X29. 

59 prime. 

60=2X2X3X5. 

61 prime. 

62=2X31. 

63=8X3X7. 

64=2X2X2X2X2X2. 

66=5X13. 

66=2X3X11* 

67 prime. 

68=2X2X17. 

69=3X23. 

70=2X5X7. 

71 prime. 

72=2X2X2X3X3. 

73 prime. 

74=2X37. 



u 
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76»2X2X19. 

77bb7x11. 
78=2X3X13. 

79 prime. 

80=2X2X2X2X5. 

81=3X3X3X3- 

82=2X41. 

83 prime. 

84=2X2X3X7. 

85=5X17. 

86=2X43. 

87=3X29. 



8d>-;2X2X8Xll< 

89 prime. 

90=^2X3X8X5.. 

91=7X13. 

92=2X2X23. 

93=3X31. 

94=2X47. 

95=5X19. 

96=2X2X2X2X2X3. 

97 prime. 

98=2X7X7. 

99=3X3X11. 
100=2X2X5X5. 



On examining this table several things may be obsenred. 

1. All the even numbers are composite ; for they are all 
divisible by 2. So it appears in the table, with the exception 
of the number 2, which is regarded as prime because it is 
divisible only by itself. 

2. Several of the numbers given above are powers of their 
prime factors. Thus 4 is the 2d power of 2, 8 the 3d power 
of 2, 16 the 4th power of 2, 32 the 5th, 64 the 6th. 9, 27 
and 81, are the 2d, 3d and 4th powers of 3. 25 is the 2d 
power of 5, 49 the 2d power of 7. 

3. If you double the number of times a factor is taken, 

?ou obtain the square of the number they at first made, 
^hus 4 is obtained by taking 2 twice as a factor. If you take 
it twice as many times, that is, 4 times as a factor, yoa obtain 
16, which is the square of 4. 

9 is obtained by taking 3 twice as a factor. If yoa doable 
the number of thnes it is taken, thus, 3X3X3X3, yoa ob- 
tain the square of 9. 

8 is obtained by taking 2 three times as a fiustor. Jf you 
take it 6 times von obtain 64, the square of 8. 

So universally, if you double the number of times a factor 
is taken to produce a certain number, you obtain, not twice 
that number, but the square of it. 

I will make a single remark here about the prime nomberBi 
and then call your attention to the composite numbers. 

Since the prime numbers are not formed by multiplying 
any two or more numbers together, they cannot be divided by 
any number. You will observe, however, that any nmaber 
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irbitever may be divided by itself, and may also be divided 
by 1 ; bttt 1 is a unit and not a number; cuid by dividing h 
number by itself, or by 1, you obtain no new number. Di- 
viding the BiimbeF by itself you obtisun 1, and dividing by 1, 
you obtain the number it^lf. Sucb an operation, therefore, 
brings out nothing new. It is only another way of cxpress- 
< img what was just as plain before. In the same way we may 
sometimes regard a number as produced by multiplying itself 
into 1 ; thus, 7a=s7 X 1 ; but this is not multiplication, bift 
• ofdy an expression in the form of multiplication. It pro- 
ducies ao new number, and is employed ou^ foir convenience 
in onier to make the reasoning more plain. 

Composite numbers can be divided by their factors. Thus 
you can divide 10 either by 2 or by 5, and by no other num- 
ber. If you ^yide by 2, you obtain 5 for the answer, or 
quotient ; if you divide by 5 you obtain 2 for the answer. 
Dividing by a number iben, is the same as erasing thact num- 
ber as a factor, and wfM always give for the answer the othe^ 
&ctor, or factors. Thus dividing 10 by 2 you may represent 
thus, jtX5, leaving the factor 5 for the answer : ^viiHng 10 
by 5, thus, 2Xj5, leaving 2 for the answer. Divide 21 by 8, 
thus, jBX7. Divide 12 by 3 thus, rfX3, or ftXftXS. 

It is plain, therefore, that if you express any number by its 
factors you can at once see what numbers you can divide it 
by. You can divide it by each of its prime motors, or by any 
combination of them, and by no other number. Thus 6==s 
2X3, you can divide by 2 or by 3: ^=2x2X2^, you can 
divide by 2, and that quotient by 2, and that by 2 again ; 
80=2X3X5, you can divide by 2, or 3, or 5, or by any twb 
of them combined. 

Any coniposite numbers maybe divided by any of its ptfme 
factors, or by any combination of them. ' 

By wh?it numbers can you divide 15? 18? 20? 21? 26? > 
27? 36? 42? 46? 48? 49? 50? 

Sometimes we have two numbers, and we wish to know ff 
there ij any number that will divide them both. This we 
can ascertain if we express each number by means of its 
prime factors, and then see if the same factor is found in both : 
if so, they are both divisible by that number. Thus, if we 
wish to know whether any number will divide both 9 and 15, 
we express them thus, 3X3 and 3X5. Now 3 appears as a 
factor in bbth ; they can both therefore be divided by 8. 
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This number 3 is called the oomiiioii divisor, because it Is « 
divisor common to several numbers. If we wish to know 
whether any number will divide both 15 and 8, we express 
15 by its factors, 5X3 ; and 8 b j its factors, 2X2X2. Now 
there is no factor common to both ; no number therefore will 
divide them both; in other words thej have no common 
divisor. Numbers which have no common divisor are said 
to be prime to each other. They may be composite consid- 
ered by themselves, s» is the case with 8 and 15, but if they 
have no common divisor they are said to be prime to eadi 
other. Numbers which have a common divisor are said to be 
composite to each other. If there are more than two numbers 
they must be treated in the same way. £ach must be writ- 
ten in the form of its prime factors, and then, if anyone 
number appears as a factor in them all, they are divisible by 
that 

Is there any common divisor to 9, 14 and 27 ? Writtm 
in the form ii their factors they stand thus, 8X3. 2X7. 
8X3X3. They have therefore no common ^ visor; for, 
though 3 or 9 will divide both the first and the third number, 
it wiU not divide the second ; and neither 2 nof 7, which are 
the factors of the second number, appear in the first or third. 
9, 14 and 27 are, therefore, prime to each other. 

What is the common divisor of 15 and 27 ? of 14 and 22 ? 
of 21 and 49? of 35 and 28 ? of 6 and 21 ? 

Let us now take the following question: What ia the 
common divisor of 18 and 30? By inspecting their factors 
2X3X3, and 2X3X5, we find that 2X3 or 6, is common to 
both ; 6 is^ therefore the greatest common divisor. 

What is the greatest common divisor of 18 and 27? of 4, 
8 and 36? of 15 and 45 ? of 27 and^ 45? of 40, 64, and 16 ? 
of 44 and 24? of 75 and 15 ? of 80 and 100? of 60 and 24? 
of 35, 21 and 49 ? of 15 and 50? 

We have seen that a composite number can be divided 
only by its factors ; mid that prime numbers cannot be divided 
at all. It is frequently necessary, however, to attempt the 
division of prime numbers ; and to divide composite numbers 
by some number different from their factors. For example, 
we may wish to divide 9 by 4, or to obtain one fourth of 9. 
Now 4 is not a factor of 9, and the actual division of 9 by 4 
is, strictly speaking, impossible. We proceed in this way. 
We divide 8 oy 4, and obtain 2 for the answer, and we have 
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a rsmainder of 1 wlii^ we Imve not dhrided. To sbow that 
we design this to be divided hj 4 we write the 4 under it 
with a line between, thus, ^. In this way we indicate plainly 
enough what the answer is, although we have no one figure 
that will express it. 

This operation introduces us to a new class of quantities 
called Fracti<«s. Fra/^ioru ckt expressions for quantities less 
than a umU. llie word Fractions here means tiie same as 
broken numbers. In this class of expressions each unit is 
regarded as broken up, or divided into a number of parts. 
The figure below the line shows into how many parts the 
unit is divided ; the figure above the line shows how many 
of those parts are taken ; (or, what is just equivalent, the 
number ,i^ve the line is regarded as divided by the number 
below it.) The fraction f indicates that each of the 3 units is 
regarded as divided into 7 equal parts ; and that one of these 
parts is taken from each of them. The number below the 
line is called the Denominator ; that above the line, the Nu- 
merator. If the Numerator is just equal to the Denomina- 
tor, as f, 7, y, the value of the fraction is just equal to 1. If 
the Numerator is smaller than the Denominator, the value of 
the fraction is less than 1, and is called a proper fraction ; if 
the Numerator is greater than the Denominator, the value of 
the fraction is greater than 1, and is called an improper 
fraction. This, however, may always be changed to a whole 
number, or a whole number and a proper fraction. Hence 
the propriety of the definition, that fractions are expressions 
for quantities less than unity. 

Questions. 

What is meant by a Common Divisor? 

What is meant by the greatest Oommon Divisor? 

When are numbers prime to each other ? 

When are numbers composite to each other? 

What is the process of dividing 13 by 4 ? 

In dividing 16 by 5 ? In dividing 25 by 6? 

What are Fractions 1 

Explain what is signified by each of the numbers in the 
fittctkm }. In f In rV ^ /r ^ t* ^ if 
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I 

A maa bought a barrel 4)f flour, a«d giivi fiipftj t«io AMia< 
of it ; what fraction will express what be gay^ awf^ ? WhaA 
fractioa will express what he k^pt? 

A man bought a load of haj, and sold two QjevenAs of it ] 
what fraction will express Vfhit he sold ? What firaetiKHi will 
express what he kept ? 

What 'is a proper fraction ? Give aa ex^unple. 

What is an improper fraction ? Giye «» e^^ample* > 

When is the value of a fraction just eqpfd to 1 ? 



SECTION VIII- 

MUI^TIPLIOATION AND DIVISIQN OF FHACTIONS, 

We have seen that a fraction is not a simple expreasfony buA 
composed of two numbers ; and its value cannot be deteiunined 
bj one of these nui^bers ^one, but by both taken in connec- 
tion. By looking at the numerator, you cannot tell the value 
of the fraction unless you know what the denominator is. 
By looking at the denominator you cannot tell the value of 
the fraction, unless you know what the numerator is* 

Let us now observe the effect of altering one of the terma 
of the fraction without altering the other. We will take the 
fraction f. If we increase the numerator by ly making it f , 
we increase the value of the fraction, for we take on§. fifth 
more than we had before. So, if we multiply the numerator 
by 2, making it ^, we double the value of the fraction ; and so 
of any other numbers, if we multiply the numerator, we mul- 
tiply the value of the fraction^ And, by the same reasoning, 
if we divide the numerator by 2, we divide the fraction by I, 
for i is plainly one half as great as 7. So of all other Dum- 
bers, by dividing the numerator we divide the fraction. 

Let us now observe the effect of altering the denojoainatir. 
If we increase the denominator of the fraction f by Ivmakiiig 
it I, we have not increased the fraction, but diminished it, for 
one sixth is less than one fifth, and ajiy ]>umber of sixths are 
less than the same number of fifths. We will multiply the 
denominator of the fraction | by 2^ making ^4 What efibc^t 
has been produced on the value of the fraqtion ? One tentb 
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ii half as gonii as one Mb: ; and two tenths iffe h«]f avgiest f^^ 
two fiftbiB. The fraction » therelbre half as great aa it waa 
be^NV ; that is, it has been divided by 2. Multiplying the: 
denominator, therefore, divides the value of the fraction. 

We will now divide the denominator. Take the fraction f ; 
dividing the denomii^tor by 2, we have |« ]^ow as this^is. 
twice as great as |, we have multiplied the fraction, by di- 
viding the denominator. 

There are, then, two ways of multipLyii^ a firaction. 
We may multiply the nnmerator; or, if the multiplier is a 
factor of the denominator, we may djivide the denomioator., 
Thus, to multiply | by 2, we may multiply the numerator, 
which gives |, or divide the denominator, wUch gives |, equal 

tof ^ 

To divide a fraction, we may either divide the numerator, if 
the divisor is a factor of it ; or we may multiply the denomi- 
nator. Thus, to divide 7 by 3, we may divide the numerator, 
^ving ^, or we may multiply the denominator, which gives 
^, which is equal to 7. 

We will now multiply both terms of the fraction by the 
same number. Multiplying both terms of the fraction | by 8, ' 
we have 7. Here the denominator, expressing the number 
of parts into which the unit is divided, is three times as great 
as it was before, consequently each of the parts is only one 
third as great ; but the numerator has also been multiplied by 
three, so that three times as many parts are taken, and thia 
makes the value of the fraction just equal to what it was 
before. So we may multiply by any number whatever, both 
terms of the fraction §, and the value will still.be the same aai 
before ; for example, |, f , ^V \i^ H* ^^^^^ ^^ which is equal 
to f . We may then at any time multiply both terms of a' 
fraction by the same number, without altering the value of 
the fraction. By the same reasoning we may divide both 
terms of a fraction by the same number without altering its' 
value. Taking the examples above, we may divide the tersaa 
of f by 2, and we obtain | ; dividing the terms of J by 3 give^ 
Us f , and so of the others ; § is the same fraetion as ^, f , ./^^ 
&c., but it is expressed in lower terms, and therefore if more^ 
convenient. It is easier to write 7 than it ia to write if 9 
though both have the same value. 

To reduce a fraction to its lowest terms, we divide both thor 
nnmerator and denominator by their greatest common divisor^ 

5 
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To find the greatest ooramon diviaor, sepaimte eadi term into 
its prime factors, and erase those which are common to both. 
The remaining fact<Mrs will express the value of the fraction 
in its lowest terms. 

Treating the above fractions in this way they appear thus, 

4_«X2 6JiX$ 8 _j<Xj<X2 10_2Xg 1 2_ftX2XSi 
6 iXZ' 9""3X0' 12 ftXiXZ' 15 3X? 18""j!X3X0' 

leaving in each case ^ 

In how many ways can yon obtain the answer to the follow- 
ing questions ? 1X2? 1X3? 1X4? AX2? 

In how many ways can you obtain the answer to the follow- 
ing? *X3? $X2? |X4? T'rXe? AX5? ^X3? 

In how many ways can you obtain the answer to the follow- 
ing? f^? I-M? A-^? ttH-2? 4|-Ht? 

In how many ways can you obtain an answer to the follow- 
ing? f4-2? Vr-4? J-r^? tV^2? 11-4-5? 

Reduce to their lowest terms each of the following fractions^ 

«14 8 90 40 \5 18 34 96 6 9 1ft 8 30 70 
> yfj y5> ^y> ¥VJ TUy -SVy ¥T> ^¥> TT> TF> VSy T9y TW9 Jfi" 



TO FIND THE DIVISORS OF NX7MBEBS. 

Reduce the fraction j-^ to its lowest terms ? 

You will not see immediately that these two numbers have 
any common diviscHr. To assist you to reduce fractions of this 
kind, something will here be said about the way of finding the 
divisors of numbers. Let us first inquire what numbers can 
be divided by 2. 

We have seen that all even numbers, and only those, can 
be divided by 2. 

What numbers can be divided by 4 ? 

If you examine yon will find that all even tens are divisible 
by 4, as 20, 40, 60, &c. If, therefore, the tens are even, and 
^e units are divisible by 4, then the whole is divisible by 4. 
But the only unit numbers divisible by 4 are 4 and 8 ; there- 
fore if the tens are even, and the unit number is 4 or 8, the 
whole is divisible by 4 ; as 84, 88 ; 124, 128 ; 148, 364, Ac 

Again, as 10 when divided by 4 leaves a remainder of 2, 
any odd number of tens will do the same, as 30, 50, 70, 90 ; 
for every odd number o£ tens is an even number of tens^lO. 
If, then, the number of tens is odd, the units must be two less 
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tban 4 or 8, in order to be divisible by 4 That is, if the 
tens are odd, and the units 2 or 6, the whole is divisible bj 4 ; 
as 72, 96, 52, A^ 

Are the following even numbers divisible bj 4 or only by 2 } 
and why ? 126, 82, 94, 92, 138, 156, 346, 548, 76, 58, 392. 

What ninnbers can be divided by 8 ? 

As 100 divided by 8 leaves a remainder of 4 (8X12=96,) 
it follows that 200 will be exactly divisible by 8, for the two 
remainders of 4 will make 8. If 200 is divisible by 8, it 
follows that all even hundreds are divisible by 8; as 400, 
600, 1400, See. 

If, therefore, the hundreds are even and the tens and units 
are divisible by 8, the whole number will be divisible by 8 ; 
as 248, 672, 1456, &c 

Again, if the hundreds are odd and the tens are 4 less than 
some multiple of 8, the whole number will be divisible by 8.; 
for the odd hundred, divided by 8, Jeaves a remainder of 4 ; 
and this, added to the tens and units, will make an exact 
multiple of 8. 

Are the following numbers divisible by 8, or by 4 ; and 
why? 444^ 944, 136, 1328, 712, 532, 816, 516, 384^ 128,* 
1236. 

What numbers are divisible by 5 ? All tens are divisible 
by 5 ; consequently if the unit figure is 5 or 0, the whole 
number is divisible by 5. 

What numbers are divisible by 3? Bv examining the 
multiples of 3 we shall find this singular met, that the suiii 
of the figures which express any multiple of 3 is itself a mul- 
tiple of 3. Take the multiples of three from 12 to 24 ; 12, 
15, 18, 21, 24 ; by adding the figures which express any one 
of these multiples we find that the sum is a multiple of 8. 
The figures of 12 added are 1+2b3, of 15 are l-f-5=6, of 
18 are l-f8=9, of 21 are 2-f 1=3, of 24 are 24-4=:6. The . 
same is true of all multiples of 3. 

It will also be found that if you add the figures of aivf 
number and the sum is a niultiple of three, the whole number 
is a multiple of three. To know, then, if a number is a 
multiple of 3, add together the figures that express the num- 
ber, and if the sum is a multiple of 3, the whole number is a 
multiple of 3. 

Are the following numbers divisible by 3 ? 471, 59, 115, 642, 
624^ 138, 234^ 742, 894 
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It foliowfl from what has been said, that ]£ any numb^ is 
divisible by 3, any other number expressed by the same &g* 
ures differently arranged will also be divisible by 3 ; £:>r the 
sum made by adding the figures wiH be the sum in whatever 
order they are taken. 

Thus, if 936 is divisible by 3 ; 369, 396, 963, 639, 693 are 
each divisible by 3. 

We will next inquire what numbers are divisiUe by 6. 
As 6ss2X3, any number that is divisible by 2 and by 3 is 
divisible by 6. You have learned what numbers are divisible 
by 3, and what by 2. If a number combines both these con- 
ditions, it is divisible by 6 ; that is, all numbers are divisible 
'by j6, the sum of whose figures is a multiple of 3, and whose 
last figure is an even number. 

What combinations of the figures 1, 2, 3, will give numbers 
'divisible by 6 ; and what by 8 only ? 

Next let us inquire what numbers are divisible by 9. 

If the figures which express any multiple of 9, as 18, 27, 
86, 45, 54| be added together, the sum will be a multiple of 9^ 

Also, if the figures of any number be added together, and 
'the sum is a multiple of 9, the whole number is divisible by 9, 

Ar^ the following numbers divisible by 9 ? and why ? 936, 
972, 396, 423, 387, 627, 441, 416, 315, 756. 

Any number divisible by 9 and by 2 is divisible by 9X^y 
or 18 ; which of the above numbers are divisible by 18 ? 

Any number divisible by 9 and by 4 is divisible by 9X4, 
't>r 86 ; which of the above numbers are divipible by 36 ? 

Any number divisible by 9 and by 8 is divisible by 9X8, 
or 72 ; is either of the above numbers divisible by 72 ? 

Any number divisible by 9 and by 6 is divisible by 9x5, 
Or 45 ; which of the above numbers is divisible by 45 ? 

Wliatare divisors of 124? of 176? of 262? of 384? of 
158 ? of 186 ? of 207 ? of 702 ? of 4041 ? 

We will now return to the fraction that was first ^veii* 
ISeduce \^j to its lowest terms. 

Reduce xvl to its lowest terms. 



,;. 



'Reduce f |f to its lowest terms. 



SECTION IX. 

MULTIPUCATION OF FRACTIONS BT FBACTI0N8. 

We have seen how we may multiply or diride a fraction 
by a whole number. We will now inquire how we can mnlti- 
ply or divide one fraction by another. Let us multiply ^ by }• 
First multiply 7 by 2, which gives f for the answer. But 
here we have multiplied by 2, instead of the real multiplier, |. 
Now 2 is 5 times greater than | ; the product f then is 5 times 
greater than it should be* It must therefore be divided by 5. 
We divide 7 by 5 by multiplying the denominator by 5, giving 
■f^ for the answer. 

In the same way multiply | by j\. |X|. SXj. 

DIVISION OF FRACTIONS BY FRACTIONS. 

Let us now divide ^ by f . First divide ^ by 3. . This we 
do by multiplying the denominator by 3, giving iov the an- 
swer YE' Here, however, we have divided by 3, instead of the 
true divisor, f. We have used a divisor seven times too large. 
The quotient, therefore, will be seven times too small ; ys ^^u^t 
therefore be multiplied by 7, making the answer f f . In the 
same way perform the following : f-f-f . f -7-|- - -^' 



The above analysis shows the grounds of the rules usually 
given in Arithmetics for the miUtiplication and division of 
fractions. 

Few Multiplication, multiply the numerators together for a 
new numerator, and the denominators for a new denominator. 

For Division, invert the divisor and proceed as in multipli- 
cation. 

Sometimes we wish to find the value of a compound frao- 
ti<Hi» as f of f ; in such cases we may understand the sign of 
multiplication, X9 to stand in the place of the word 0^ and 
treat it as a case of multiplication. For in the above examfde 
it u plain that <Nie third of | is ^V <^ ^^o thirds is twice as 
much, that is, ^V 

What is § of I of I ? Multiplying as we have done above, 
we have for the answer jVt* ^ut this (^ration may be 
shortened. We see that 4 appears as a faptor both in the 

5» 



numerator and the denominator. We may then cancel them 
both, which will have Ihe'same efr<Sot ite dividing both terms 
of the answer hj 4. Again, 3 appears in both the numerator 
and ihe denominator, for in the denominator it is a factor of 9« 
We maj therefore cancels in both terms. . 

2 i 4 

The question will then appear thus, sX^X^, substituting 

8 in place of the 9. Multiplying together the terms that now 
remain, we have f for the answer. This is the same fraction 
as '^^^, If you separate the terms of -^-g into their prime 
factors, and cancel what are common to bo^, the remaining 
factors will ^ve the fraction f . 

Multiply the fractions |X|Xt1X|j writing the terms 
that are -eomposite in the form of their prime factors, and 
canceling factors that are common in both, it will stand 

^xixl^^^Xax^'^t' -^^^^^^^'tV 

Multiply fxIXf I^XKXi 
Multiply f?X A- ieXA- ^X|Xt. 

to MULtlPLY OR DIVIDE WHOLE NtTMBERS BY FRACTIOKS. 

The above examples will show hoW to multiply or divide 'a 
-whole number- by s, fraction. 

Multiply 7 by J. Multiplying 7 by 4 gives 28, which is 5 
times too great, because 4 is five times greater thas $. 'We 
'ttinst therefore divide the answer by 5, thus ^^. As this is 
more than 1, we can reduce it to a whole number and a firac- 
^tlen. As f is eqtial to 1, ^* will be isqoal to 5 ; ^ thertfore 
'is cqtial to 5f . 

In this way multiply 6 by |. 9 by 4- 8 by 4. 

This operation is in fact the same as multiplying a^firaction 

by a whole nttmber, which has been treated )of idretldy. 

Let tts heart divide 7 by |. Dividing 7 by 3 we have | ; 

' ;bere, howev^, we have dividejd by annmbe^4 limes too great, 

' fbr 8 is four times greater than f, If the divisor is^ 4 tines 

'■\&o great, the quotient will be 4 times too small ; -^, therefoce, 

must be multiplied by 4, giving ^/ for the answer, 
r bivide8by>. 9-r-|. ll-r^. lO-i-rV 
• To reduce an improper fraction, as ^:^, to a whole number 
and a proper fraOtio», we hi^ve only to consider how many 
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'Mt^ OMB die firaotwn is eqpal toy and hownknA 
XkMB V >8 «1««1 to fi » V therefore is e^ual to d^. 

Bflduce t, V, V» V, V. 

In like maaner, if we have a whole number and a ftactioBy 
we maj always reduce it to an improper firactioo* 



ADDITION OF FBACTIONS. 

Suppose we wish to add together S\ so that its value shall 
be expressed iti a. single expression ; we must change 3 to 
halves, which will be } ; adding ^ to this we have } for the 
answer. 

In order to unite separate numbers into one expression, 
they must be of the same kind. We cannot unite 2 bosheb 
and 3 pecks in one expression. It is still 2 bushels aad/S 
pecks, and we can make nothing else of it ; but if we change 
the bushels to pecks, making 8 pecks, we can then add the 
8 peeks, and bring it all into one expression, 11 pecks. So 
to unite 5§ we must change the 5 to thirds, making \^, and 
add the §, making y . Tins is called reducing a mixed num- 
ber to an improper fraction. 

Reduee to an improper fraction 7^, 8^, 4f , 5^ 6|, 9^, Sf , 
5f, 151, 16f, 13§, 20|, 2U. 

Supposing we wish to add ^ to |, we must change the ^ to 
fourths, making | ; adding these, we have f ibr the answer* 

Add^toyV ^ TO A+TV=r!n «»• 
Add I to ^. i-hrV H-ifc. ^+Tftr. I+H- 
Let us now add f and ^. This question you perceive has 
a difficulty which the former ones had not; for § is no number 
of Mhs, and therefore we cannot bring the fraction into fifths 
by any multiplication. We want a number for the denomina- 
tor whioh etfti be divided both by 3 and by -5. Now if you 
examine, you will find no such number nnttl you come to 15. 
This, is of coui*se, divisible by 3 and by 5, for these are its 
factors. We will then take 15 for the denominator. This 
we call the eommon denominator. Taking now the fracdotis 
f and 7, and changing the denominator 3 to 15, we see that 
we have made it 5 times as large as it was before ; that is, we 
hsive multiplied it by 5. We must therefore multiply the 
numerator by 5, to preserve the value of the fnietion. The 
fraction f then becomes || without akc^ring. its value. Pass- 
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kig now to the seeoiid fraetion, f ^ we see that, In ^Sbmnpibg the 
denonunatpr to 16, we have multiplied it byS ; we moat thei^-^ 
fore multiply its numerator by 3. Tills will make the fimetion 
4f • The two fractions will stand, then, H+tI' which added 
together are H'^ l-rs* 



TO- FIND A COMMON DENOMINATOR. 

We can always obtain a common denominator, by multi- 
plying the two denominators together ; then, for the nmoera- 
tors, consider, in the case of each fraction, what its denomina- 
tor has been multiplied by, in order to change it to the com- 
mon denominator, and multiply the numerator by the same 
number. Thus each fraction will have had its numerator and 
its denominator multiplied by the same number, and ao its 
yaixte will not be changed. 

What is the value of H"!? o^ f+l? ^ t+V <^*+§? 
of*+l? of?+§? off+l? ofH^? 

Supposing we wish to add the fractions | and f . We can 
proceed as above, and with the common denominator, 24, the 
fractions will be ff'f'TT* ^"^ we need not employ so lai^e a 
denominator as 24. We seek the smallest denominat<H- that 
shall contain both 4 and 6 as a factor. If now we separate 
4 and 6 into their prime factors, we shall find the factor 2 
belonging both to 4 and to 6 ; thus, 2X2, 2X3. Now one 
of these may be cancelled, akd we shall still have 2X2 for the 
number 4, and 2X3 for the number 6. Multiplying the fac- 
tors which remain, 2X2X3, we have 12 for die smallest 
ebnuaon denominator. 

From this we see, that, when both the denominators con- 
tain the same factor, we may reject it from one of them, and 
multiply together the factors that remain. 

Add I to ^ Here 2 X2 is oonmum to both denominatois, 
rejecting it in^ne, and multiplying, we obtam 24 for the least 
common denominator. 

Add T$^ -Tr Here 3X3 is common to both denondna- 
torB,r^ecting it in one, and multiplying what remains, we have 
$4 for the least common denominator. 

AddiJto/y. Add I to ^V AddT*ytOyV 

When more fractions than two are to be added it is often 

most convenient to add two together first, and then add a third 

to the sum of these, and so on. 



A^^ Hi -K S ' Fust add § and J, which equal |, Next 

C 1 3 . 5 1 •^ 3 9 . 1 ft I ft 1 9.— , 1 7 o«a 

Add i+7+TV Fi^t add ^ and x^; then to the «uia qf 
these add §• 

Add I+tVU- Add M-I+tV . Add 4+i+l- 

We maj in the above cases obtain a common divisor bjr 

first multiplying all the denominators together, but it is opt 

usuallj so easily nor so quickly done. 

MUceSaneaus Mt&mples. 

1« A man spends 7 of a dollar in a day; what part. of |i 
dollar will he jspend in 5 days ? How mudi will he f peii4 in 
9 days? How much in 11 days? 

2. A man earns f of a dollar in a day ; how much; will he 
earn in half a day ? How much in ^ of a day ? How mm^i 
in ^ of a day? 

Here consider whether you can divide the numeraton 

3. A man earns | of a dollar in a day; how much can he 
earn in half a day ? How much in |^ of a day ? How mudli 
"in ^ Of a day? ^ 

Consider whether you can divide die numerator; and if 
you cannot, what you must do. 

4. A vessel filled with water leaks so that | of its <x>ntent8 
will leak out in a week ; at this jrate, how much will leak oiijt 
in a day ? 

What is I off? 

5. If a team ploughs 7 of an acre in .6 hours, how much wffl 
it plough in one hour ? How much in 3 hours ? 

What is i of ^ What is ^ of f ? 

6. K a horse runs 3 of a mile in one minute, how &r wjU 
he run in | of a minute ? 

How far will he run in ^ of a minute ? 
Whatis|ofJ? Whatisfof^? 

7. A man has ^ of a. dollar,, which he wishes to distribute 
equally among several persons, giving -^^ of a dollar to eachj 
how many can receive this sum, and what will be the re- 
mainder ? 

How many times will y\^ go in 7 ? 
How. many tim^ will y\ go in 7 ? 
How many times will xv S^ ^ i ^ 
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8« A man gave f of a bushel of oats to some horses, giy- 
ing to each •( of a bushel; to how manj did he give it? and 
what was the remainder ? 

How many times will -^ go m 5? Inf? How many 
times will tV g^ ^^^ t ^ 

9. A man has 7 of a dollar ; he gives ^ of a dollar to one 
person, and f of a dollar to a second, what part of a ddlar 
has he left ? 

How many cents had he at first? How many cents did he 
give away ? How many cents had he left ? 

10. If 13 pounds of figs cost | of a dollar, what u that a 
pound? 

11. If 5^ lbs. of figs cost y\ of a dollar, what is that a 
pound ? Find first what one half pound will cost. 

12. If I of a cwt. of iron cost 4^ dollars, what will a hun- 
dred weight cost ? 

13. If 841 lbs. of tea cost llf dollars, what will 1 pound 
cost? 

Here yon find V pounds cost V of a dc^lar: therefore 69 
pounds must cost V ^^^ dollar. 

14. If $ of a biurrel of flour cost 3| doUars, what is thala 
barrel? 

15. If wood is 5^ dollars a cord, what wiU yv of a cord 
cost? What will 4^ cords cost ? 

16. If 33^ gals, of molasses cost 11| dollars, what is that 
a gallon? 

17. If 31^ gals, of vinegar cost 4f dollars, what is that a 
jgaUon? 

18. If a bottle of wine oonttdning 1^ pints cost | of a dol- 
lar, what would a barrel of wine come to at that rate ? 

19. In a pile of wood there a 13^ cords ; how many loads 
of f of a cord each are there in the pile ? 

20. How many times will 2| go in 7^ ? In 9J ? In 11 ? 

21. How many loaves, of 8^ oz. of fiour each, can be made 
from 7 pounds of flour? 

22. If a family consume 3^ pounds of flour a day, how long 
will a barrel of flour, that is 196 pounds, last them ? 

How long will it last if they consume 2^ lbs. a day ? 

23. If a barrel of flour last a family 40 days, how long will 
14 pounds last them ? 

24. A garrison of 100 men is allowed 12 oz. of flour a 
day to each num ; how long will 10 barrels last them ? 
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25. Two men hire a horsey a week, for 5 dollars ; one trav- 
els with him 30 milesy Che other m miles ; what ought each to 
pay? 

26. Two men hire a nastore io eommon for f 4,80 ; one 
pastures his horse in it 7^ weeks ; the other pastures his horse 
9 weeks ; what ought each to pay ? 

27. A boy bought 3 doz. ci oranges for 37^ cents, and sold 
them for 1^ cents apiece ; what did he gain ? 

28. A man bought 7 yds. of cloth for 16 doOws, and sel4 
it for 3 dollars a yard ; what did he gain on each yard ? 

29. A man worth 1690 dollars, left f of his property to hia 
wife ; how much did she receive ? The remainder he divided 
equally among 3 sons ; what did each one receive ? 

30. A man bequeathed his estate of 14,000 dollars, one 
third to his wife, and the remainder to be divided equally 
among four sons ; what did the wife and what did each son 
leoeive. 

31. In an orchard one third of the trees bear apples, two 
fifUiB as many bear plums, and the rest bear cherries ; what 
portion of the trees bear plums ? What portion bear cher- 
ries ? The number of cherry trees is 40 ; what is the whole 
numbeV of trees in the orchard ? 

* 32. What is f of 549 ? What is | of 374 ? 
83. What is i of 175^ ? What is | of 198 ? 

34. What is i of I of 1640? What is | of 972 ? 

35. If 2 barrels of flour cost 11| dollars, what will 17 bar- 
rels cost ? What will 22^ barrels cost ? 

36. If 2^ cords of wood cost 15 dollars, what will 68| oordt 
cost? What will 200 cords ? 

37. If a horse eat 2^ tons of hay in 30 weeks, what part 
of a ton will he eat in 1 week ? 

38. What is the cost of 23^ yds. of doth at ^ of a dollar a 
yard? 

39. What is the cost of 31^ gallons of molasses at i% of a 
dollar a gallon ? 

40. A grocer drew from a cask containing 31^ ^lons, ^ 
of its contents. Now how much did he draw out ? How 
much remained ? 
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SECTION X. 

THK LEAST COMMON MtJLTIPLE. 

The method stated in the foregoing section for finding the 
MBftUest oommon denominator, serves to introduce a topic 
which requires some more extended and careful study. 

It often becomes desirable to aseertain, with respect ta sev- 
eral numbers, what number there is which contains them all 
in itself as factors. A number which contains another num- 
ber as a factor of itself is a multiple of that number* Thus 
6 is a multiple of 2, and also of 3. A number which contains 
several numbers as factors of itself, is a common multiple of 
those nambers. Thus 12 is a common multiple of 2 and 3. 

The smallest number which contains several nambers as 
factors of itself, is the least common multiple of those numbers. 
Thus^ though 12 is a common multiple of 2 and 8, it is not 
the least common multiple ; for 6 contains them both as its 
factors ; 6 is therefore a smaller common multiple of 2 and 3 
than 12 is ; and as no number smaller than 6 does contain 2 
and 3 as its factors, 6 is the smallest common multiple of 2 
and 3. 

Suppose now we wish to find the smallest common multiple 
of 3 and 5. The number, it is clear, must he a certain num- 
bIH" ofiBs, and also a certain number of 5s. Now by multiply- 
ing 3 and 5 together we evidently obtain such a number ; for 
il will be 3 times 5, and it will be 5 times 3. Multiplying 
the two numbers together then, will always give their ccxn- 
mon multiple. The next question is, will this product of the 
two numbers be their least common multiple ? This will de- 
flend on the character of the numbers. If tlie numbers are 
prime to each other their product will be their least common 
Miukiple. For example, in the numbers 3 and 5, if we take 
any number of 5s less than 3, as 3x5, the factor 3 has disap- 
peared, and the number is no longer a multiple of 3. If we 
take any number of 3's less than 5, as 4X3, the factor 5 has 
disappeared, and the number is no longer multiple of 5. ^ The 
product, therefore, of numbers prime to each other, is their 
least common multiple. In the above example, the numbers 
of 3 and 5 were prime in themselves, and not merely prime 
to each other. To make the principle more clear, we will 
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ttit« two ttbflibers thai are not prime 'in ihemselTes, but are 
only prime to eachoUier* 

What is the least oommon multiple of 8 and 9 ? Multiply- 
ing them topether we have 72. 72 is, then, a common multi- 
ple of 8 and 9. The question is, is it their smallest common 
nniltiple ? Writing the numbers with their factors they are 
2X2X2 and 8X8. Now if we erase one of the 2's we have 
no longer the factors of 8, and the product of the factors will 
not be divisible by 8. In the same way, if we erase <me of 
tiie d's the prodnot will not be divisiUe by 9. 

If, then, the nwnbers are either prime, or prime to each 
other, the product is their least oommon multiple. 

Next let us inquire, what is the least oommon multiple of 
4 and 6 ? Their product is 2f4, but this is evidently not their 
least conmion miUtiple, for 12 contains both 4 and 6 as fac- 
tors. To show why it is^ that in tinis case, scmietfaing less 
than the product of the numbers is their least common multi- 
ple, we will express each by its &ctoTs, thus, 2X2, 2X8« 
Now it is clear that any number of times which yon take 
2X2 as a factor will be a multiple of 2X2. If then we 
throw out the 2 in the 2X3, and multiply by the remaining 
8, the product will be a multiple of 2X2, or 4. Looking 
now at the 2X8, or 6, it is evident that any number of times 
which you may take that as a factor will be a multiple of 
2X8. But the 2 we may take from the 2X2, throwing 
away that in the 2X8; this leaves us to multiply the 
2X8 by 2 ; as we before multiphed the 2X2 by 8, making 
12 as the least common multiple. The rule, therefore; is : 
Betain of eadi prime factor the highest power which appears 
in any of the given numbers ; erase the rest, and multiply to- 
gether what then remain. 

Find the least oommon multiple of 8, 24 and 86. Ex- 
pressed by the factors they are 2X2X2. 2X2X2X8. 
2X2X3X3. Now 2X2X2 is common to 8 and 24; it may' 
be llirown out of the latter, leaving only 8. Examining again 
yon observe that 2X2 is common to 8 and 86; we throw 
this out of 86, leaving 8X8. . finally 8, we find, is common to 
24 and 86 ; throwing this out isi 24, we find the numbers^ 
appear as foUows t 2X^X2. HXftXHXt. *X<X3X8. 
These multiplied together give for the least common multiple, 
72. iTiis conforms to the rule; for 2X2X2 is the highest 
power of the fkctor 2, and 3x8 of the fkctor 8. What is the 

6 
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l^ast common multip]^ of 24, 60 and 100 ? Theae fiMtocs u^ 
2X2X2X3; 2X2X3X5; 2X2X5x5- We see that 
2X2 ifl oommon to tliem all ; expui^ it in the second, and 
third number. Next, 3 is oommon to the 1st and 2d ; expunge 
it in the 2d* Lastlj, 5 is common to the 2d and 3d ; expunge 
it in the 2d, and the numbers will stand, 2x2X2X3. 
HXftXtXH- ftXHX^X^' These multiplied together, 
give 600. 

To multiply these most easily,fir8t take 2X2X5x5e»100; 
then the remaining factors, 2X3, multiplied by 100, give 600* 

What is the least common multiple of 24, 40 and 72 ? 

What is the least common multiple of Id, 54, 81 ? 

What is the least oommon multiple of 15, 4, 7 ? of 15, 40, 
37? of 16, 14,6? of 60, 12, 18? i 

From the foregoing reasoning and examples you will per- 
oeire that the leiut oomnum multiple of several numbers is 
the product of all their prime factors, each taken in the high- 
est power in which it appears in any of the numbers. . 



SECTION XI. 

PBACTICAL QUESTIONS. 

1. What part of a shilling is 1 pemiv ? 2 penee ? 3 pence? 
4 pence ? 5 pence ? 6 pence ? 7 p^nce r 

2. What part of a penny are 2 &Khings ? 3 farthings ? 
4 farthings? 5 farthings ? 6 farthings ? 8 farthings ? 

3. What part of a shilling is 1 farthing? 2 farthings? 3 
farthings? 

What part of a shilling is 1 penny and 1 farthing? 1 pen- 
ny, 2 farthings? 3d 3 qrs.? 4d 2 qrs. ? 6d 1 qr. ? 9d 2 qrs.? 

4. What part of a pound is 1 shilling ? 2 s.? 3 s.? 5 s.? 
Is. Id.? 28. Id.? 4s. 3d.? 5s. 6d.? 7s. 9d.? 3s. 8d.? 

5. What part of a pound is 1 £urthing? 2 qrs.? 8 qrs.? 
2d. 3 qrs. ? 5d. 2 qrs. ? Is. Id. 1 qr.? 60. 7d. 3 qrs.? 

6. What part of a pound avoirdupois is 2 oz«? 3 oz.? 
4 oz. ? 5 oz. ? 6 oz. ? 7 oz. ? 8 oz. ? 9 oz. ? 10 oz. ? 
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7. What part of one onnee is 6ne dram ? What part of 1 
pound 18 one dram ? 2 drs. ? 8 drs. ? 1 oe. 1 dr. ? 1 ok. 
2 dra.? 2oz.4drs.? 3oz.6dr8.? 8oz.ddr8.? 9oz. lldrs.? 

8. What part of a pound is ^^ of an oa. ? ^ of an oz. ? 
What part of a pound is ^ an oz. ? 2^ oz. ? of 3 j- oz. ? 

4^oz.? 

9. What part of a pound Troy is Idwt? 5dwt? 6'dwt.? 
9 dwt ? 11 dwt.? 10 dwt? 1 oz. 1 dwt? 8 oz. 4dwt.? 

What part of oz. Troy is 1 dwt. ? 8 dwt 1 gr. ? 4 dwt. 6 gr. ? 
7dwt 8gr6.? 8dwt 9grs.? lOdwt? 12dwt? 16dwt? 

10. Wlbat part of an ell English is 1 qr. of a yard ? 2 
qT8.?8qr8. ? What part of a qr. is 1 nail ? 8 nails? 

11. What part of a yd. is 1 qr. 1 nail ? 2 qrs. 8 n. ? 8 qn. 
2n.? What part of an ell English is 8 naUfl ? lqr.8n«?4 
qrs. In.? 

12. What part of a yd. is 1 inch ? 4 inches ? 7 inches ? 
9 inches ? What part dPa yard is 1 qr. 2 in. ? 2 qrs. 8 in. ? 
8 qrs. 1 in. ? 

18. From a vessel containing 8 gallons of wine, 8 gills 
leaked oat ; what part of a gallon leaked out ? What part 
of a gallon remained ? 

14. From a barrel full of wine 7 quarts were drawn ; lio# 
many quarts remained ? What part of the barrel had been 
drawn' out ? What part <^ the barrel had remained ? 

15. If f of a barrel of beer be divided into 4 equal pttrtSy 
what part of a barrel will each of the parts be ? How many 
gallons will each part be ? 

16. If one quart be taken from a barrel full of beer, whst 
part of a barrel will remain ? If 8 pints be taken out, what 
part will remain ? If 7 j- gallons be taken out, what part of 
a barrel is taken out ? What part of a barrel remains ? 

17. A man diirtributed 7^ gallons of milk among 5 persons; 
what part of a gallon did he give to each ? . 

18. If you have 3j- gallons of milk, and distribute it to 
some poor persons, giving f of a gallon to each, how many 
persons will you give it to ? How much will remain ? 

19. What part of 1 foot is 1 barley-corn? 2 bar.? 5 bar.? 
1 inch 1 bar.? 3 in. 2 bar.? 5 in. 1 bar.? 

20. What part of a yard is 2 inches ? 8^ inches ? 14 in. ? 
5i in. ? 6^ in. ? 17^ in. ? 24 in. 2 bar. ? 

21. What part of a rod is ^ a foot? 1^ feet? 2^ feet? 
4 feet, 3 in. ? 6 feet, 7 in. ? 10 feet, 5 in. ? 
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29. What part of B rods is ^ a foot? 1 loot? 8} Aet? 
What pai^t of a fUrlong are 2 j- rods ? 5^ rods ? 

23. What fraction of a foot is f of a jard? f t>f a yd.? 
What fraction of a foot is -i^ of a rod? -j^ of a rod? ^^ of 
a rod ? 

24. A man measured the length of his bam with a stick 
half a yard long, and found the bam 81^ times the length of 
his stick ; how long was it ? 

25. A carpenter is cutting up a board 17^ feet in length, 
into pieees 2 j- feet long ; how many pieces will there be, and 
how long will be the piece that remains ? 

26. A man measures a piece of fence with a pole 9^ feet 
long ; tlie fence is 15^ times the length of the pole ; how 
jnany rods is it in length ? 

27. What part of a peck is -^^ of a bushel ? 

What part of a gallon are ^ of a x>eck ? f- of a peck ? 
What part of a quart iB-^^aiA peek ? ^ of a pedc ? 
What part of a quart are ^ of a bushel ? r^ of a bushel ? 

28. What part of a peds is ^ of a bush. ? | of a bieh. ? 
f of a bush. ? I of a bush. ? f of a bush. ? 

29. Two men bought a lot of standing wood in company, 
^iinr 11 dolkrs; one cut off 2 cords, the other 1 cord; what 
joi^t each to pay ? 

30. Two boys bought the chesnnts on a tree fbr 50 cents ; 
.one had 11 quarts, the other 6 quarts and 1 pint; what ought 
each to pay ? 

31. Three men bought a piece of cloth for 24 dollars? 
ihe first took 2^ yds., the second the same quantity, and on 
-mfeasuring the remainder it was found to be 3 yards ; what 
ought each to pay ? 

82. Two men hire a hone for a month for 12 dollars ; one 
.travels 200 mites with the horse, the other 150; how much 
should each pay? 



VAAOTtOKS. (S 

r 

SECTION XII. 

DECIMAL FBACTIONS. 
CS«e NanMratloD, Putt II.} 

In the calculations in common fractions, a great inconve- 
nience arises from their irregularity. There is no law rege- 
lating the magnitude of either of the terms. The denomina- 
tor may be In any ratio whaferer to the numerator. From 
seeing one you can ipake no inference at all respecting the 
magnitude of , the other. In calculations of addition, it is 
often more than half the work to bring the fractions into a 
tommon denomination. 

Now it is evident that if fractions could be written in the 
same manner as whole numbers, that is, increasing in a ten- 
fold rate as you advance to the left, and decreasing in a 
ten fold rate as you advance to the right, an immense gain 
would be made in the convenience of calculating them. Op- 
erations in fractions would then be just as easy as operations 
in whole numbers. Now this advantage is gained in decimal 
fractions. They are brought under the same law as whole 
numbers. Let us observe the manner in which whole num- 
bers are written. Take the number 222; the right hand 
figure signifies two units, the next two tens, the next two hun- 
dreds; just as if it were written in this manner, 2X100-+- 
2XlO-f-2: two multiplied by 100 plus two multiplied by 10, 
plus two; making two hundred and twenty-two. But thi 
cumbersome method of writing is unnecessary, because the 
law of notation determines what number the figures in each 
place shall be multiplied by. It must not be forgotten that 
the figure 2 in the above example in no case signifies of itself 
more than two. It is the place it occupies that gives it the 
higher value of tens or hundreds. 

Now it would evidently be a great convenience if we couM 
reduce fractions to the same law, so that they would, like 
whole numbers, decrease in a decimal ratio, in advancing 
from the left to the right. To show this regularity to the 
eye we will write the following numbers : two multiplied by 
1000, two multiplied by 100, two multiplied by 10, two units, 
two divided by 10, two divided by 100, and two divided by 
1000. Written in full they would stand thus: 2Xl000-f 
2Xl00+2Xl0+2+A+t85-fTTA^. 

6* 
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But we have seen that we may write the whole nnmbera 
without the multipliers, thus, 22^2, because we know from the 
place each figure occupies what its multiplier must be. Just 
so we can write fractions without the denominators, provided 
we know, from the place of the numerator, what the denomi- 
nator must be. Thus the whole of the above series majrbe 
written as follows ; 2222.222. A decimal^ therefore, is the 
numerator of a fraction, whose denominator is never writteui 
but is always understood to b^^ 1, with as many ciphers a9 
there are places in the decimal. 

You observe that, in writing the series given above, there 
is a period placed at the right hand of the whole numbers, 
separating the unit figure from that of tenths. The period 
must never be omitted when there are fractions, for it enables 
you to determine the value of each figure in the sum. In- 
stead of reading .22 two tenths and 2 hundredths, we may 
call it 22 hundredths, which is more convenient and amount 
to the same; for 2 tenths is equal to 20 hundredths; so 
.222 is two hundred and twenty-two thousandths. So, in all 
cases, read the decimal numbers as whole numbers, and for 
their denominator take 1 with as many ciphers as there are 
places in the written decimals. 

In all your study of decimals, be careful not to confound 
the words which express fractions with the similar words 
)frhich express whole numbers ; «as tentlu with ten$^ hundredths 
with hundreds. The following questions will aid you in fixing 
this distinction clearly in mind. 

1. How many tenths are equal to ten whole ones ? 

2. How many tenths are equal to two and a half whole 
ones? 

3. How many hundredths are equal to three and a quartef 
whole ones ? 

4t. How many hundredths are equal to one hundred whole 
rones ? 

5. How many thousands are equal to ten whole ones ? 

6. In fifteen whole ones how many tenths ? How many 
hundredths? 

7. In seventy-five hundredths how many tenths ? 

8. In tliree tenths how many hundredths ? 

9. In six tenths how many thousandths? 

Thus, you observe, fractions havc^ been brought under the 
same law that regulates the writing of whole numbers. They 
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may now be added, subtracted, multiplied, and divided, like 
whole numbexa. But in doing Om it is important tQ 
deterociine the place of the period that separates the whola 
nuBubecs from the fractional part of the sum. Where musi 
jthe period be placed in the answer ? 



ADDITION AND SUBTRACTION OF DECIMALS. 

Let us first observe how important it is that the rule in this 
case be entirely correct If I have this number, 32.5^ to write, 
and by any mistake I should write it 3.25, it would denote a 
quantity only one tenth as great as it should be ; or, if I should 
write 325. it would denote a quantity ten times greater than it 
ehoald be. Moving the period one place to the right, makes 
the number ten times as great as it was before, for tens be-, 
come hundreds, and hundreds, thousands ; and each figure ten 
times as great as before. So, by moving the period one place 
to the left, the number becomes just one tenth what it was 
before. Removing the period two places from its true place, 
makes the number 100 times larger or smaller than it should 
be, according as you remove it to the right or the lefL Hence 
you may see that in order to multiply a number that has 
decimals, by 10, you have only to remove the period one place 
to the right ; to multiply by 100, remove it two places, and so 
on. To divide by 10, remove the period one place to th^ 
Jeft ; to divide by 100, remove it two places, and so on. From 
the above you may see the importance of being perfectly ac- 
curate in fixing the place of the decimal ia the answer to any 
question. 

We will begin with addition. Add 4.46 to 8.21. Here you 
observe the two whole numbers make 7, and 46 hundredth^ 
added to 21 hundredths make 67 hundredths : the answer, 
then, must be 7. 67, having two decimal places. Add 6. 8 to 
6. 23. The 3 hundredths must evidently stand alone, since 
there is nothing like it to add to it ; 2 tenths added to 8 tenths 
make 10 tenths, or one whole one ; this we carry to the 5^ 
which gives us for the answer, 12. 03. This wiU serve to 
suggest the rule for placing the period in the answer to qne$^ 
tions in addition. The number of decimal places in th^ 
answer must be as great as can b^ found in any one of th^ 
numbers to be added. . . . *i 
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The same rote holds in subtraction. Take far iOiistratioii 
tbe numbers giren in the. second example^ of addition. From 
6. 8 subtract 5. 23. Now as in the minaend there are no 
hundredths, we must borrow 10 in this place, and we shall 
have a remainder of 7 hundredths ; adding 1 tenth to the snb^ 
trahend, to compensate for the 10 hundredths added to the 
minuend, we have in the place of tenths a remainder of 5 ; 
finally, in the place of units we subtract 5 from 6 : the answer 
is 1. 57. . In performing this operation, you may, if you please, 
can the 8 tenths 80 hundredths ; then 23 hundredths from 80 
hundredths leaves 57 hundredths. By performing slowly 
and with care examples of your own selection, you will see 
the verification of the rule given above, both for addition and 
subtractioir. 

Add 2.4 to 8.8. Add .6 to 1.3. Add A to .3. Add .37 
to .25. Add 3.7 to .24. Add 1.08 to .05. 

From 4.6 subtract 2.4. From 7.1 subtract 6.4. From .18 
subtract .13. From 45 subtract .6. 

In these examples each step should be explained by the 
pupil as he performs it. 



MULTIPLICATION OF DECIMALS. 

The rule in multiplication we ^hall find to be difierent from 
the above. 

1. First, we will multiply 2.4 by 3. If we regard the 
multiplicand as a whole number, the answer will be 72. But 
by regarding the multiplicand as a whole number, — as 24 
instead ei 2 and 4 tenths, — we regarded it ten times greater 
than it really is ; the answer, therefore, is ten times too great. 
Instead of 7i it must be 7.2. 

% Multiply 6.2 by 3.4. By regarding both as whole 
numbers we obtain the answer 2108. Now in calling the 
multiplicand 62 instead of 6.2 we treated it as 10 times 
greater than it is. The answer must therefore be 10 times 
too great, even if the multiplier were a whole number. We 
jnust therefore divide it by 10, or write 210.8. But the mul- 
tiplier also is 10 times too great ; the answer must therefore 
be divided ag^ by 10, in order to bring it right Thus the 
answer wiU stand 21.08. 

3. Again ; multiply .62 by 3.4. Here 'we obtain the same 



^gares as bftfoi^, 2108 ; bot by treating the nmilipliciMad as a 
whole number, we regarded it as 100 times too great ; the 
answer therefore must be divided bj 100, or written 21.08. 
But the maltaplier, calling it a whole number, was taken 10 
times greater than it is ; the answer must be again divided by 
10, and thus it wiU stand 2.108. 

4. Once more ; multiply .62 by .34. The figures c( the 
answer are as before, 2108, but by regarding both the factors 
MB whole numbers, we take each 100 times greater than it is ; 
we must therefore divide by 100 to correct the error in the 
multiplier, and again by 100 to correct the error in the multi- 
plicand. This will remove the point four places to the left, 
and the true answer will be .2108. By examining these 
examples you will see that the pointing in each case conforms 
to the following rule. 

Point off as many figures for decimals in the answer a^ 
there are decimal pl^c^ in both the fEUStors taken together. 

5. Multiply 2.7 by .3. 6. Multiply .6 by .7. 7. Multiply 
6. by .7. 8. Muiaply .02 by S. d. Multiply .02 by .03. 
10. Multiply .01 by .01. 



DIVISIOK OF DECIMAIiS. 

1. Divide 48 by 12. Ans. 4. 

2. Divide 4.8 by 12. The figure ezpresung the mnwet 
is 4, as in the first case ; but, observe, the dividend is only 
<me tenth as large as before ; the quotient, therefore, is only 
one tenth as large. Instead of 4. it is .4. 

3. Divide .48 by 12. The figure of the quotient is still 4, 
but as the dividend is only one hundredth part as lai^ge as in 
the first example, the quotient will be only one hundredth part 
of 4, or 4 hundredths, written thus, .04. 

4* Again ; divide 48 by 1.2. The quotient is still 4, but we 
must investigate the question to see where this 4 must stand* 
Ton observe that the divisor is now only one tenth of 12. 
Now if the divisor is only one tenth as greait as it was b^^re, 
you must consider how that will affect, the quotient You wiU 
.perceive on reflection that as you dinunish the divisoryou 
increase the quotient If you make the divisor half as great, 
.the quotient will be twice as great, and so proportionally of 
other numbers. Now as, in this instance, the divisor is one 
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tenth as great as be&re^ the qnotient most be ton liaMB grea^. 
The figure A, then, whidi is the quotient figarey instead ef 
standii^ in the place of nnits, as before, mnst stand in the 
place of tens ; that is, it most be 40, the cipher merdj show- 
ing that the 4 stands in the place of tais. 

5. Once more : divide 48 bj .12. Here again jon have 4 
for the quotient figure, for jon csan have no other; bttt on 
comparing this example with the first, jou perceive the divisor 
is only one hundredth part as great ; the quotient mnst there- 
fore be one hundred times greater, that is, it Is 400, the 
ciphers merely removing the 4 into the place ni hundreds. 

On examining these examples carefully, you will see that 
each answer is unquestionably correct. '' But by what rule," 
you ask, '^are these examples wrought?*' lliey are not 
wrought by rule, but by reasoning on the numbers themselves ; 
and the more you habituate yourself to reason in arithmetic, 
the less need you will have to depend on rules. 

With this suggestion I will now state a rule, whidi you may 
at any time follow, when yon haye not time to look into the 
reason of the operation. 

There mnst be as many decimals in the quotient as the 
decimals in the dividend exceed those in the divisor: when 
there are fewer decimals in the dividend than there are in 
the divisor^ ciphers must be added so as to make the number 
equaL 

We will now review the foregoing exsmples, and observe 
thehr conformity with the above rule. Example 1 has no 
dedmals in the divisor or the dividend, therefore nmie in the 
quotient. Ex. 2, the dividend has one decimal, the divis<N* 
none ; the quotient has therefore one. Ex. 8, ^e dividend 
has two decimals, the divisor none ; the quotient has twa 
Ex. 4, the dividend has none, the divisor one ; there most 
then be a cipher added to the dividend, and then the quotient 
will be in whole numbers. Ex. 5, the dividend has none^ the 
divisor two ; there must then be two ciphers sldded, and then 
tiie quotient will be in whole numbers. 

6. Divide 46 by 15. IKvide 4^ by 15. Divide .45 by 
15. Divide 45 by 1.5. Divide 45 by .15. 

7. Divide 66 by 11. 6.6 by 11. .66 by 11. 66 by 1.1. 
66 by .11. 

In calculations of Federal money, cents and mills are re- 
garded as decimals ; the point therefore separadng the whole 
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nwiibers from the fractions must be placed between the dol- 
lars aad the cents. Thus 24.00 is 24 doUs. ; 2.40 is 2 doUs. 
40 cents; 0.24 is 24 eeots. 

8. A man divided $24.00 aaiong 3 men; how much did 
eachrecttve? 

9. A man divided $2.40 among 3 men ; how much did each 
rebme? Divide 2.4 hj 3. 

10. A man divided S0.24 among 3 men; how much did 
each receive ? Divide $0.24 by 3. 

11. A man divided 36 dollars among 4 persons; how much 
did each receive? Divide 36 by 4. 

12. A man divided S3. 60 among 4 persons ; how much did 
eadi receive ? What is one fourth of $3.60 ? 

13« A man divided $0.36 among 4 men ; how much did 
each receive ? What is one fourth of ,36 ? 



SECTION XIII. 

SEDUCTION OF VULGAR FRACTIONS TO DECIMALS. 

We have now seen that Decimal Fractions have this great 
advantage over Vulgar Fractions, — that they conform to the 
same law of notation as whole numbers, and may be added, 
subtracted, multiplied and divided in the same manner, and 
with the same ease as whole numbers. It is desirable, there- 
fore, to introduce them in a great many cases instead of 
Vulgar Fractions. The next question that arises, therefore, 
is, can a Vulgar Fraction be changed to a decimal, having 
the same value ; and how can it be done ? Take the fraction 
i ; we wish to reduce it to tenths ; or in other words to ex- 
press it in tenths. Now we can change any number to tenths 
by multiplying it by 10. Thus 3 is 30 tenths, 4 is 40 tenths. 
We will now take ^ and change the numerator 1 to tenths, 
and it will stand .10 : but the fraction was not one, but one 
half of one ; 10 therefore is twice as great as it should be ; 
we must divide it, therefore, by 2 ; that is, by the denomina- 
tor, and it will be .5. To reduce a vulgar fraction, then, to a 
decimal : add a cipher to the numerator} and divide by the 
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dteonunlitor. If one dpber is nol oMnogh to wider th« 

dirision complete, add m(H-e. 

Reduce to a decimal -^ ; change the aamemtof to tenths; h 
1^1 be .10, bot the quantity to be reduced to tenAs wis nM 
one, but one fifth of one ; 10, therefore, is 5 times greater than 
it should be ; dividing by 5, the answer is .2. 

Reduce to a decimal the fraction f, explaining each step in 
the bperation. 

Reduce to a decimal the fraction f . 

Reduce to a decimal the fraction |. 

Reduce to a decimal the fraction |. 
' Reduce to a decimal the fraction f . 

I will here direct your attention to a fact that it is interest* 
ing to notice. If the denominator of the vnlgar fraction is 
one of the factoss of 10, that is, if it is either 2 or 5^ the 
decimal figure will be as many times the other factor as 
thei% are units in the numerator of the vulgar fraction. 
This will appear" self-evident when we express the numbers 
by their factors. Thus in obtaining the decimal for ^ we 
divide 10 by 2; but 10 is 2X5, therefore in dividing by 2, 
we simply expunge the factor we divide by, and leave the 
other z 2) ftX5» So in the fraction -^, we obtain the decimal 
by dividing 10 by 5, which expunges the factor 5, 5)^X2; 
in reducing f we divide 2 X 10 by 5, thus : 5) 2 X 2 X A leaving 
twice the factor 2 ; in |, 5) 8X2 X^, leaving 3 times the fac- 
tor 2 ; in t, 5) 2X2X2X^, leaving 4 times the factor 2. 

2. "We will now take the fraction J ; proceeding as before 
we wish to divide 10 by 4, thus, 2X2) 2X5; here we seethe 
division cannot be completey for the divisor contains the fac- 
tor 2 twice, while the dividend has it only once. If, however, 
we had multiplied the original numerator 1 by 100, instead 
of 10, we should have had 10 twice as a factor in the dividend, 
and of course each factor of 10 twice; 100 is 10X10, and 10 
is 2X5. It would have stood then thus, 2X2)2X5X2X5; 
the division is now complete, for the dividend contains the 
factor 2 as many times as the divisor has it. Expunging 
tbese we have remaining the factor 5 taken twice, or .25. 

. This process you may observe conforms to the rule, to 
add as many ciphers as may be necessary to render the 
division complete. 

3. Reduce the vulgar fraction J to a decimal. 80 is com- 
posed of the prime factors 3X2X5 ; it contains 2 only oncei 
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.add ihertfim it is boI divinble bj 2X2; 80 moal th^r^re 
be multiplied bj 10. Thia will introduce anetker 2, and 
it will stand thm, 2X2) BX2X5X2X5. By fspangag t)ie 
two 2*B and mukiplTing together the other factors, we ha,v0 
•7$ for the answer. 

4. Seduce the fraction 4* to a decimal. 10 ei^prsssed bj its 
factors is 2XS, and 8 is 2X2X2. We must therefore muU 
tiplj 2X& hj 10 till it shall contain the factor 2 as many 
times as 8 contains the same factor. That is, the numerator 
1 must be multiptUed by a thousand. It will then stand, 
2X2X2) 2X$X2X5X2X5. Expunging the three twos 
4iere remains for the answer .1^5. 

By examining the above examples you may observe flila 
fret, that if the denominator of the vulgar fraction oontttns 
one of the factors of 10, that is, 2 or 5, one or more times as 
a factor, the decimal will eontain the other factor, just as 
many times. Thus, j-as.5. ^ or ^i;s^=^^^^ ^^ -^X^; ^ or 
^^^^^^=.125, or .5X^X5. In the same way •i<»s.2 ; ^m 
Tifc=.04, or .02X2. ,^ or TrxixT=-<>^^» or 002X2X2. ^ 
In this way you may determine that iV^ when reduced to a \ 
decimal, will conti^n 5 four times as a factor, because 16 conp ^ 
tains 2 four times as a factor. So ^ will contain 5 five tunes 
as a factor. 

This is conveniently expressed by sa3ring, whatever power 
of one of the factors of 10 the denominator of the tulgar 
fraction contains, the same power of the other factor will 
appear in the decimal. 

5. Reduce ^ to a decimal fraction. Preparing the num- 
bers as before, it will stand 3)2X5. You observe that 3 is 
different from either of the factors of 10. Now as IQ haa 
ofily the ffictors 2 and 5, it is not divisible by 8 wittuiqt a 
remainder. 

If you add to the numerator eyer so many ciphers, you will 
only increase the number of times that 2 and 5 appear in it 
as its factors, and the number can never become divisible by 
8 without a remainder. The answer becomes .333-f- and 
this indefinitely, as far as you may please to carry on the 
operation. On the same principle we shall find that it is not . 
possible to express accurately in decimals any yulgar flracdon 

whose denominator contains as a factor anything different 

~^ 

KoTB. Whenever the decimal point stands before several Victors oon* 
aected bj the sisn Xi H should be regarded as affsetiag all the fiMtoit. 

7 
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from the fiustora of 10 ; for this denomhiBtor beeomes, in tbe 
leduction, a divisor of lO, or some power of 10^ and if it has 
anything in it as a factor which is prime to the factors of 10, 
the oomplete division is impossible. Thus ^ cannot be ex- 
actly expressed in decimals ; because, though one of its &o* 
tors, 2, is a divisor of 10, the other, 8, is prime to 10. On 
this principle the following questions may be examined. 

Can j be accurately expressed in decimals ? Why ? 
' CSan ^ be accurately expressed in decimals ? Why ? 
. CSan I be accufately expressed in decimals ? Why ? 

CSan -jV ^ accurately expressed in decimab ? Why ? 

CanaV? A? aV? A? lAr? tt? uV? f«f?TV?A?*? 

A? A? tV? 

6. Name all the denominators, -from 2 np to 20, of snch 

fractions as can be accurately expressed in dedmab ? 
From 20 to 40 ? From 40 to 60 ? 

7. Name all the denominators, from 2 to 20, of such frac- 
tions as cannot be expressed accurately in dedmab? From 
20 to 40 ? From 40 to 60 ? 

8. What is the value of 4 shillings expressed in the deci- 
mal of a £? As 1 shilling is ^ of a £, 4s. is ^ We can 
change 4 to tenths by adding a cipher ; it will then be 40; 
4, however, was not the number we wished to reduce to tenths, 
but ^ ; the answer, 40, is therefore 20 times too great ; dividing 
by 20 it stands .2. 4 shillings, then, is 2 tenths of a £. 

9. Now reverse the operation ; what is the value in shil- 
lings of .2 of a £ ? Now shillings are twentieths ; we can 
change any number to twentieths by multiplying it by 20, as 
1 is 20 twentieths, 2 is 40 twentieths, &c. Multiplying the 
•2 by 20 we have 40 ; but observe the two was not two wholes, 
bat tw^ tenths ; the answer, 40, therefore, is ten times too 
great ; dividing by 10 the answer is 4 shillings. 

10. Reduce to the decimal of a £, 2 shillings. 5 shillings. 

11. What is the value in shillings of .1 of a £ ? of .25 of 
«£? 

12. Reduce to a decimal of a shilling, 3 pence. 8 pence 
are ^ of a shilling ; reducing to hundredths to render the 
division complete, the ans. is .25. 

18. What is the value in pence of .25 of a shilling ? 

14. Reduce 9 pence to the decimal of a shiUing. 

15. Reduce 1 peck to the decimal of a bushel. 

16. Reduce 8 pecks to the decimal of a busheL 

17. Radooa .5 of «i bushel to pecks. .75 of a bu. to packs. 
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« 18. Reduce 15 minates to the decimal of an hour. 

19. Reduce 45 minutes to the decimal of an hour. 

20. Reduce (o minutest of an hour. .25 of an hour. .75 
of an hour. 

21. Bedttoe 6 in. to the dec of a foot. 9 in. to dec. of a 
ft. d in. to the dec. of aft 



SECTION XIV. 

INTEREST. 

Interest is the sum paid by the borrower to the lend^ for 
the use of money. The rate of interest is established by laity 
and varies in different countries. In England it is 5 per 
cent., that is, 5 for the use of 100 for 1 year ; in the New 
England States it is 6 per cent. ; in New York it is 7 per 
cent. When no particular rate is mentioned in this book, 6 
per cent will be junderstood. 

If I borrow lOQ dollars for 1 year, at the end of the year 
I owe the sum I borrowed, 100 dollars, and 6 dollars for the 
use of it, making 106 dollars. The sum borrowed is the prin- 
cipal ; the sum paid for the use of it is the interest ; the prin- 
cipal and interest added together make the amount. 

1. What is the interest of 100 dolls, for 2 years ? 8 years ? 
4 years ? 5 years ? 6 years ? 7 years ? 

2. What is the interest of 200 dolls, for 2 years? 8 years? 
4 years ? 5 years ? 6 years ? 

8. What is the interest of 800 dolls, for 2 years ? for 4 
years ? of 400 doUs. for 8 years ? 

4. What is the interest of 50 dolls, for 1 year ? for 8 years ? 
of 25 dolls, for 1 year? 2 years ? 

5. What is the interest of 100 dolls, for 1 year ? 
What is the interest of 100 cents for 1 year? 

What is the interest of 2 dolls, for 1 year ? of 8 dolls. ? of 
4 dolls. ? 5 dolls. ? 6 dolls. ? 7 dolls. ? 8 dolls. ? 9 dolls. ? 

6. What is the interest of 86 dolls, for 1 year ? of 47 doUs. ? 
o£ 57 dolls. ? of 84 dolls. ? of 62 dolls. ? of 89 dolk. ? of 125 
dolls. ? of 186 dolls. ? of 207 doUs. ? of 561 dolls. ? 

7. What is the interest of 50 cenufor 1 year ? of 25 cents? 
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of 10 cents? ef 20 cents? of 80 cents? of Scents? cfM 

cents ? of 70 cents ? of 80 cents ? of 90 cents ? 

8. What is the interest of 50 dolL 60 cent» fi)r 1 jeftr ? of 
84.30 ? of 96.40 ? of 112.25 ? of 230.75 ? 
. 9. Wbal; is tbe interest of 100 dolls, for 6 moollis? for 3 
months? for 2 months? for 1 month? for 4 months? for 5 
months ? for 7 months ? for 8 months ? for 9 months ? for 10 
months? for 11 months? 

10. What is the interest of 10 dolls, for 6 mo. ? 3 mo. ? 2 
ma ? 1 mo. ? 4 mo. ? 5 mo. ? 7 mo. ? 8 mo. ? 9 mo. ? 10 mo. ? 
11 mo. ? 

11. What is the interest of 1 doll, for 6 mo. ? 1 mo. ? 
The interest of 1 dollar for 1 month is half a cent, and for 

any number of months, it is half as many cents. 

12. What is the interest of 1 dollar for 5 mo.? 7 mo.? 8 
mo.? 9 mo.? 11 mo*? 12mo. ? 15 mo.? 16 mo.? 17 mo.? 
18 mo. ? 

The interest of anjnumber of dollars for 1 mmitli is half 
as many cents. 

13. What is the interest of 12 ddlars for 1 mo.? of 15 
dolls. ? 25 dolls.? 37 dolls.? 42 ddls.? 67 dolls.? 93 dolls.? 
104doUs.? 

14. What is the interest of 12 dolls, for 3 months? 
Whftt is the interest of 25 dolls, for 6 months ? 

In computing interest a month is reckoned 30 days. As 
tbe interest on a dollar for 30 days -is half a cent, ^^t is 5 
mills, the interest on a dollar for 1 fiflh of 30 days will be 1 
mill. One fiifth of 30 is 6 ; the interest therefore on 1 dollar 
for 6 days is 1 mill, and the interest on any number of dollars 
for 6 days will be as many mills as there are dollars. 

15. What is the interest of 15 dollars for 6 days? of 25 
dolis.? of 40 dolls.? of 65 dolls.? of 75 dolls.? of 100 dolls.? 
of 500 dolls.? of 360 dolls.? of 840doll8.? of 1000 dolls. ? 

As the interest of 1 doll, for 6 days is 1 mill, for 12 days 
it will be 2 mills, for 18 days 3 mills, &c. 

16. What is the interest of 1 doll, for 24 days ? <^ 2 dolls, 
for 6 days ? of 2 doUs. for 12 days? of 2 dolls, fw 18 days? 
of5doUs.for6days? for 12 days? f<M>24days? of 36 dolls, 
for 18 d a ys ? 

17. Wliat is the interest of 125 doUs. fori year and 6 m«.? 
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18. What is the int. of*268 dolb. for 8 years 4 mo.? 

19. What is the int. of 45 dolls, for 4 years 7 ma ? 

20. What is the int. of 60 dolls, for 1 year S mo. 18 days ? 

21. What is the int of 100 dolls, for 2 years 1 mo. 12 days? 

22. What is the int. of 165 dolls, for S years 2 mo. 6 days ? 

23. What is the int of 50.45 for 1 year 7 mo. 12 days? 

24. What is the int of 94 dolls, for 8 mo. 24 days ? 

25. What is the int of 132.25 for 6 mo. 3 days? 

26. What is the int of 81.20 for 4 months 15 days? 

27. What is the int of 64.50 for 10 months 16 days? 

28. What is the int of 86 dolls, for 9 days? 

29. What is the int of 340 dolls, for 15 days ? 

80. What is the int of 875 dolls, for 22 days ? 

When interest is more or less than 6 per cent, first find 
the interest at 6 per cent, and then make a proportional addi- 
tion or subtraction for the required per cent If it is 7 per 
cent add one sixth ; if 5 per cent subtract one sixth* 

81. What is the fait, of 140 dolls, for 1 year, at 7 percent.? 

82. What is the int of 200 dolls, for 1 year and 6 ma at 
5 per cent 

83. What is the int of 460 dolls, for 1 year at 4^ per cent 

Remark. — 4| is three fourths of 6. 

84. What is the int of 500 doUs. for 1 mo. at 9 per cent ? 



BANKma. 

When money is obtained at a Bank, the note which is given 
for it promises to pay it at a certain time, as 60, 90, or 120 ' 
days. The interest on this note, instead of being ^id at the ' 
end of the time, when the note is taken up, is paid before - 
hand ; that is, it is subtracted from the sum named in the 
note ; so that, when you take up the note, you have only to 
pay the face of it, as the interest has been paid already. 

If you give a note to a Bank for 100 dolls, to be paid in 
120 days, they subtract from the sum named in the note the ' 
interest of the sam for 120 days, and three days besides, called 
days of grace ; the balance is the sum you receive. The in* - 

terestof 100 ddk.lbr 180 days i» $M0v4ot^4«l^^^^ 

7* 
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5 cents ; $1.55 subtracted bom $10<X00 learefia baliiQOQrOf 
$98.45, which i^ the sum jou will receive. 

if the note is.giveix for 60 dajs, theiiiterestis: cupit.ibr 69 
days, and subtracted from the sum named. 

The interest thus subtracted is called the bao^L discount:; 
and the bank^ when it lends. money on such a note, is md, to 
discount the note. 

85. What is the bank discount on, a note of 100 dol}an 
payable in 30 days ? and how much will be received on sudi 
a note ? 

The interest on 100 dollars for 30 days is 50 cents ; for 8 
days it is 5 cents; the discount, 55 cents, subtracted from 100 
dollars, leaves $99.45^ the sum received. 

86. What is the bank discount on a note for 200 dol]a];s 
for 60 days ? and what is the cash value of the note ? 

87. What is the bank discount, and what is the cash value 
of a note for 150 dollars payable in 30 days ? 

38. What is the bank discount, and what is the cash value 
of a note for 200 dollars payable in 60^ay$ ? 

39.. What is the bank discount, and wh^. is th^ Ciah value 
of a note for 300 dollars payable in 90 days ? 



DISCOUNT. 

When money is paid by the debtor before it becomes due, 
an allowance is roade^ which, is callecl discount. If I owe 100 
dollars to be paid in three months from this time, and I pay 
it^now, I ought not to pay the full hundred. doUar^^ for I tim 
enftitled .to Uie use. of the money three mooth9 longer. This 
rule appliea only where money is not oa interest. When a 
siun of money is paid before it becomes^ due, it is important to 
be able. to ascertain just how much ought to be paid* This is 
c^ed the. present worth of the debt. Now it is dear that such 
a suiii ought to be pi|id as would, if put at intesrest, produce 
ew^dy the amount of the debt at the time it should become 
doa. Thus, if I owe 106 dollars, to be pidd at the end of a 
Jfftiti it i& plain that 100 dollars paid now ought to dischai^ 
th^idel^; for 100 dollars.at interest&r a year^r wonU am^onl 

^^fi-L fif^<^^f tP9fih^tl^$Ai bj w^ i.doUurjrttiU aouMwt. 



to^f<xrrtlte^¥^*timpraa^..tbe^ quotij^nt will l^ tb« pirenfo^ 

wcnrtlv 

40. What is the present worth of 212 dollars payaUq ifi 

1 year ? 

41*. What is tl^e:present. worth of 112 dollars pajajbl^ i^ 

2 years ? 

42* What if th^. present worth x>f. 51.50 dollars pi^able.ui 
6 months ? 

43. What is the present worth of 530 dollars payable io . 
1 year ? 

What is the present worth of 436 dollars payaUe in 1 year 
and 6 months ? 



LOSS AND GAINj-*P£R CENTAGE. 

4i. A:bjr>y bought a penknife for 25 cents, and sold it for 
28*ie^ts; bow. many ceota dkliie gain on quarter of a doUar? ^ 

45. Suppose he had bought 4'kinvto at the/ same pma. . 
ea^h, and 8<|ld Ibem at the same profit^ he would then have 
tnidied withi a^dplbur ; haw much would he have gaiaedoan 
dollar ? 

This is cfdled' so moohplBr oent^ which only means ee xaufih 
on^ikhnndrod' 

4^ A.boy bought a bushel of apples for 50 oenls^ and Aold 
th^nii iox ^9 oente >; how much did he gaki per cent. ? 

47t A boobielkr . bought a book for 75 oeBta,aad sold it 
foe 84 cenla i how mwoh did be make pee cent; ? 

As 75 is f of 100, what he gained on the book willbe.j^i. 
of .what^he w<Nildgain on a hundred; or what he iWoold gain 
pero^t. 

48. A boy bought some mdona for 40 cents^ and aaki Umbbi . 
fot 60 eftBt«'; wl^nt did he make per oent* ? 

Am.*. His gfdiK^wM equal to half kit oolkiy*. 

49. A .gfooer' bBAghti ft kH of iioar for 5 dolhun. a barrel, 
buitJiiidHig it dama^d, he sold it ibr 4 doUars.a baml ; what 
did.he Joae per cool. ? 

50. A man bought a share in a bank for 80 dollars, and^. 
sold it for 82 dollars ; what did he gain per cent. ? 

51* A man bought a lot of appl^ for $1.50 a barrel ; what . 
must he sell them for to gain 10 per cent.? 



dO XENTAXi AKITHMfiTIC. 

52. A hatter bought some hats for $3.50 each ; he is willing 
to sell them at a profit of 4 per cent. ; at what price will he 
sell them ? 

53. A manufacturing company declare a dividend of 7^ 
per cent ; what ought a stockholder to receive who owns 350 
dollars in that factory ? 

54. A has a note against B for 140 dollars, which he sells 
for cash at 4 per cent discount ; what does he receive fi[>r the 
note? 

55. A merchant buys 100 barrels of flour for 5 dollars a 
barrel, and sells it so as to lose 5 per cent ; what does he sell 
it for a barrel ? 

He afterwards buys 250 casks of lime at 1 dollar a cask ; he 
wishes to sell it so as to make good his loss on the flour ; at 
what per cent profit must he sell it, and for how much a cask ? 

Tou observe that the money invested in lime is only one 
half as much as was invested in flour. 

56. A lends B 10 dollars for 2 months without interest ; 
afterwards B lends A 5 dollars ; how long ean A keep it to 
balance the favor he did to B 7 

57. C lends D 100 dollars without interest for 4 months ; 
afterwards D lends G 25 dollars ; how long can C kieep it to 
balance the favor ? 

In tliese eases you will see that the money multiplied by 
the time it was kept must, in the two cases, be equal. If 10 
doUars is lent me by A without interest for 6 months, I can 
balance the favor by lending A 5 dollars for 12 months, or 4 
dollar for 15 months, or 15 dollars for 4 months, or 80 <k>llars 
for 2 months, or 2 dollars for 30 months, or 20 dollars for 3 
months. 

58. A lends B 60 dollars for three months, without requir- 
ing interest ; afterwards B lends A 90 dollars ; how long may 
A ke^ the money ta balance the favor ? 

59. A lends B 40 dollars for three months ; afterwards B 
lends to A, for two months, a certain sum, the use of which 
should balance the favor ; how large must the sum be ? 

60. A lends B 150 doUars for 4 months; B afterwards 
lends A 100 dollars ; how long ean A keep it, to balance the 
fator? 
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SECTION XV. 

SQUABS HEASDBE. 

linear mcasnie is raeainre in » itraight line, bftvii^ ImSth 
Mlf. Square measare is the neMure <^ aoAct, httna^ 
length and breadth. 

Thus a linear inch, " ■ 



A Um of t inAei^ irben eqnxr^ wiD therefore make 4 



1. A line of three inchai, when sqnara, iriU make how 
many square inches ? 

2. The square of 4 inches i« how many square inches ? 
The square of 5 inehaa ? of G? of 7? of 8? of 9? (rflO? 
ofUf of 12? 

8. Spw many square inches are there in a sqnsra bOt ? 
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4. How many linear feet are there in a linear yard ? How 
many square feet in a square yard ? 

5. How many square inches are there in a piece of board 
12 inches long and 3 inches wide ? 

6. How many square inches are there in a piece of board 8 
inches long and 6 inches wide ? in a board 5 inches long and 
8 inches wide ? in a board 9 inches long and 5 inches wide ? 

7. How many square feet are there in the floor of a room 
12 feet long and 10 feet wide ? 

8. How many square feet are there in the floor of an entry 
15 feet long and 4 feet wide ? 

9. How many square yards of carpeting will cover a room 
6 yards long and 5 yards wide ? 

How many square rods are there in a piece of land 14 rods 
long and 8 rods wide ? 

10. If a road 4 rods wide passes through my land for the 
distance of 60 rods, how many square rods of my land does i^ 
occupy? 

We will now return to the measure of an inch. If, instead 
of squaring a linear inch, we take 
only half an inch and square it, we 
shall have but one fourth of a square 
inch, thus, 




So if we square one third of an inch, 
it will give us ^ of a square inch. If 
we square one fourth of an inch, it 
will give us -j^ of a square inch. 

11. What part of a square inch will •}■ of an inch when 
squared be ? What part of a square indi will ^ of an inch 
be when squared ? nf? ^? ^? ^? ^? ^? 

12. What part of a square inch is a piece of paper 1 inch 
long and half an inch wide ? One inch long and three fourths 
of an inch wide ? 

13. What part of a square foot is a board 1 foot long and 
half a foot wide ? One foot long and 9 inches wide ? 

14. How many square inches will there be in the square 
of a line 1 j- inches long ? 

[This, and the following questions may be answered by 
drawing the figure on a slate or on a board.] 

How many square inches will there be in the square of a 
Une2^incheiibng? 8^? ^? 5^? 6^? H? ^? 9^? 10^? 
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15. How mtny sqaare feet in f a yard squared ? 

16. How many sqaare inches are there in 1 square foot? 

17. How many square feet in 1 sqaare yard ? 

18. How many square yards in 1 square rod ? 

19. How many square feet in 1 square rod ? 

40 square rods make 1 rood ; 4 roods make 1 acre. 

20. How many rods make 1 acre ? 

21. If a piece of board is 6 inches wide, how long must it 
be to contain a square foot ? 

22. If a piece of board is 8 inches wide, how long must it 
be to contain a square foot ? 

28. How long must it be to contain a square foot, if it is 2 
inches wide ? If 1 inch wide ? If 4 inches wide ? 

24. If cloth is ^ a yard wide, how much in length will 
make a square yard ? 

25. How much lining f of a yard wide will line one yard 
of cloth one yard wide ? 

26. If cloth is two thirds of a yard wide, how much in 
length will it take for a square yard ? 

27. How much doth ^ a yard wide will it take to line 7 
yards of cloth | of a yai^ wide ? 

How much f wide will line I3- yards f wide ? 

28. How long must a strip of land one rod wide be to con- 
tain an acre ? How long, if 2 rods wide ? If 8 rods wide ? 
If 4 rods wide? If 8 rods wide? If 10 rods wide ? 

29. How long must a piece of land be to contain | of an 
acre, if it is 4 rods wide ? 

30. If a piece of land is 10 rods in length how long must it 
be to contain j- an acre ? 

81. A man has an acre of land 16 rods in length ; how wide 
la it? 

82. How many steps must the owner take to walk round it 
if he take 5 steps to a rod ? 

SS. A man has an acre of land 8 rods wide ; how long is it ? 
How many rods of fence will it take to fence it ? 

84. If a road 4 rods wide is laid out through my land, bow 
much of the road will it take in length to make an acre ? 
How many acres will there be in one mile of the road ? 

85. If it passes through my land for half a mile, and I am 
paid at the rate of 30 dollars an acre for the land occupied by 
the road, what will be the amount of damages due me ? 
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86. If land la the dtjit worth 45 oents a squflre ibdt, what 
will be the cost of a bttildiiig*lot 30 feet firont and 60 fbetfrom 
front to rear ? 

'37. There are two pieces of land ; one ef them 12 reds 
square, the other 13. Which is nearest an acre ? 

38. There is a piece of land 12 j rods square ; how much 
does it fall short of an acre ? 

39. A painter tells me it wiH cost 20 oents a sqoam yard 
to paint the floor of a room in my house ; suppoeing the room 
is 5 yards wide and 6j^ yards lon^ what wiU the paanting ci 
it come to ? 

40. What will the painting of an entry oosl^ at the sama 
i^ate ; that is H yards wide and 7 yards in length ? 

41. A stone-cutter agrees to lay a hammered stone door-atep 
for 50 cents for every square foot of hammered surfaceu The 
stone is 5 feet long, 3 j- feet wide, and 9 inches thick } whai is 
the surface of the top, the two ends, and the front edge, added 
together ? What will be the cost of the stone ? 

42. How many men could stand on ^ of a mile square, 
allowing each man 1 square yard to stand upon ? 

There are yarious ways of finding the answer to the above 
questions. To encourage the student's invention, some of 
them will be here suggested. 

l^rtt Mdhod. As there are 00|^ square yards in one square 
rod, multiply 80 (the number of rods in one fourth of a mile,) 
by itself; and this product by 30f 80X80=6400 ; 6400X 
8aj^l8,000+12,00O+-1600=193,600, answer. 

Second Method. Multiply 80 by 5 j-, wMch will give the 
number of men in one line one fourth of a mile long ; multiply 
this product by itself. 80x5j=440 ; 440 «=1 6,000+32,000 
-fim)0BBl98,600, answer. 

TViird Method As there are 30j square yards in one 
square rod, in 10 rods square there will be 100 times this 
number, or 3025 ; multiply this by 8, which will give the 
square yards in a rectangle 80 rods long and 10 rods wide ; 
multiply this product by 8, which will give the square yards 
in a square 80 rods on a side. 30j[. X 100=:^025 ; 3025X8 
»«4,200; 24,200 X8=192,00O+-l 600=193,600, answer. 

There are still other ways of solving the question^ whieh 
the student may discover for himself. 



SECTION XVI. 

CONSTBUCTION OF THE SQUABE. 

If I place three dots in a row, cmd place three such rows 
■ide by side, this will represent to the eye the square of the 
number 3. 

^ ^ ^ In the same way you may represent 
Thus, • • • the square of 4, 5, or any number what- 

# # # ever. I will now ask your attention t6 
^ ^ ^ the square of 4. We may make it by 

* ^ making a row of 4 dots, and placing 4 
such rows side by side. But there is another way of coming 
at the square of 4. We will take the square of 8, as shown 
above, and see what additions we must make to it, in order to 
make it the square of 4. You observe that it must be wider by 
one row and longer by one row than it is now. We will then 
add a row above the others, and also a row on the right hand. 

# * * I have made the additions by stars 
Thus, • • # 4c to distinguish them from the dots. 

^ ^ ^ ^ You now see there is something 
^ ^ ^ ^ wanting to complete the square, — a 

# # # 3|c single star in the eonier. 

3|c 3|c 3|c ^ You observe, therefore, that you 

. obtain the square of 4 by adding to 

Thus» • • • * ^g square of 3, twice 8 plus 1. We 

# # # 3|c will now take the square of 4, and by 
^ ^ ^ . additions to it obtain the square of 5. 

# * • 1^ Adding a row of 4 at the top, and a 
row of 4 at the right hand, there will be one wanting at the 
eomer to complete the square. Adding this, whidi makes 
twice 4+1, we have the square, complete. If therefore we 
have the square of any number, we can find the square of a 
number one greater by adding twice the first number plus 1. 

The square of 5 is 25 ; what must you add to this square tp 
make the square of 6 ? 

What must you add to the square of 6 to make the squara 
of 7 ? What must you add to the square of 7 to make tha 
square of 8 ? 

i 
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What must you add to the square of 9 to make the square 
of 10? 

The square of 15 is 225 ; what is the square of 16, bj the 
above method ? 

The square of 20 is 400 ; what is the square of 21 ? 

The square of 30 is 900 ; what is the square of 31 ? 

The square of 40 is 1600 ; what is the square of 41 ? 

The square of 50 is 2500 ; what is the square of 51 ? 

What is the square of 60 ? of 61 ? oi 70? of 71 ? of 80? 
of 81 ? of 90 ? of 91 ? 

We will now return to the square of 3, and I ask your dose 
attention once more. Supposing we have the square of 3 
before us, and we wish to make such additions to it as shall 
make the square of 5. As 5 is two greater than 3, we must 
add two rows instead of one. If we add 2 rows of 3 at the 
top, and 2 rows of 3 at the right hand, the figure will stand 

tliu», ^ ^ ^ r\ o 

^ ^ ^ vy vy Here you see there are four stars 

3|C 3|C 3|c O O wanting to complete the square. I 

^ ^ ^ ^ ^ have marked their places by the 

* * ^ ^ circle (O). If you suppose these 

# # # ^ ^ four to be added the square will be 
^ ^ ^ ^ ^ complete, and will be the square of 

* * * ^ ^ 5. The question is now, what has 
been added to the square of 3 in order to make the square of 
5 ? You observe there are added 6 stars or two rows of 
three at the top, 6 on the right hand, and 4 in the comer, to 
make the square of 5. But we can express this in a different 
way. We may consider 5 as consisting of two parts, 3 and 
2 added together. We will call 3 the first part, and 2 the 
second part of 5. Now by the figure you perceive that the 
square of 5 is made up, first, of the square of the first part, 
that is, the nine dots ; then the stars at the top are the product 
of the first part multiplied by the second, and adding to these 
the stars on the right hand, we have twice the product of the 
first part into the second ; and, last, we have, in the comer, 
ihe square of the second part. 

To state it briefly once more : regarding 5 ais made up of 
the two parts, 3 and 2, the square of 5 we find is equal to the 
square of the first part*|-twice the product of the two parts-|- 
the square of the second part 
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This Is called expressing the amount of a square in tha 
terms of its parts. 

Exaipine and answer the following questions : 

1. If we regard the number 6 as made up of two parts, 4 
and 2, how will you express the square of 6 in the terms <3i 
its parts ? 

2. Regard the number 7 as consisting of two part^ 5 and 
2 ; what is the ^square of 7 in the terms of its parts ? 

You can draw the figure for yourself and see the applicik 
tion of the principle in the above cases. 

It is of no consequence in what way the jiumber is divided ; 
the operation will bring out the exact square of the whole 
number in all cases. To show this we will take the number 
10, the square of which is 100. We will first divide 10 int» 
the parts, 7 and 3 ; then, by the formula given above, the sq. 
of 7-}-twice the product of 7 into S-f" ^* ^^ ^' ^^^ ^ ^^^ ^* 
of the whole number. The sq. of 73=49, twice 7 X dss42, the 
gq. of 3=9 ; 49+42+9=100, 

We will now divide 10 into the parts 6 and 4, proceeding as 
above ; we find 36+48+16=100. | 

Again, we will divide 10 into the equal parts, 5 and 5,* 
25+50+25=100. 

Finally divide 10 into the parts 8 and 2. 64+82+4»100. 

We will now apply the above method to the purpose of 
finding some squares of larger numbers. 

3. What is the sq. of 25 ? dividing into 20+5 ; Ans. 400+ 
200+25=625 ? 

4. What is the sq. of 35, or 30+5 ? Ans. 900+300+ 
25=1225. • 

5. What is the sq. of 46 or 40+6 ? Ans. 1600+480+ 
86=2116. 

6. What is the sq. of 55 ? of 64? of75? of83? of92? 

7. Whatisthesq. of 125? divide into 100+25. 100 sq. 
=10000, twice 100X25=5000, 25 8q.=625. Ans. 15,625. 

8. What is the square of 150 ? of 230 ? of 510. 

The same formula will embrace the examples mentioned in 
the first part of this section, when the second part of the num- 
ber is 1, for example, 

9. What is the sq. of 5 or 4+1 ? Here twice the product 
of the two parts is merely twice the first part, inasmuch as 
multiplying by 1 does not increase the number ; and the sq. 
of 1 is only 1. The answer, therefore, by the formula, is 16 
+8+1=25. 



10. This aetliod -wM supply to the squaring a whdle nimi- 
ber and a fraction, as follows : What is the sq. of 1^^. Ans. 
1-|-1 I I .2^, for twice die product of ^ into 1 is 1, and the 
8«.<^#isi. 

To test the correctness of this answer, ^^ will perform the 
operation another way, l^^^f, | sq.s=s}=^2^. 

IL What is the sq. of 2^? 3^? 4^? 5^? 6)? 7^? 

The answer in eac^ of these cases may be tested by diang- 
iQg the mixed nnmber to an improper fraction, as 2^ssf, &c. 

We.may in the same way square the sum of two fractions; 

li. What is the sq. of H"^ - ^°s- l+H4^^- 

Now ^-f-)cs=al, the sq. of which is 1. 

Id. What is the sq. of {+i ? Ajis. Af A + A=lt ^ 1- 
Now I \ I 1, the sq. of which is 1. 

14 What is thesq. of f+i? The sum of these is 2, the 
sq* of which is 4 ; the answer, therefore, should be 4. Apply- 
iag the lormulay the opet»tion is as follows ; }-}~f '^i^'^ V^=^^ 

WtACndAL QTJEStrONS. 

We will now afpplj the above principle to the ^kilaon of 
some questions which appear at first a little diflenlt. 

. 1. A boy had some apples ; he placed part of them ilk rows 
making a square, and found he had 6 apples left. He placed 
another row on two sides, and found he had enough to oom-^ 
plete tiie square except one apple at the comer. How many 
apples were there in the firat square? How many apples 
htfdhe? 

2. Three boys were playing at marbles ; the first says, I 
h«re just marbles enough to make a square ; and he placed 
them in rows on the floor, forming a square ; the second boy 
says, I have 12 marbles, and I wUl pot a row on two sides of 
yoors^ and make your square larger ; bat on placing his mar- 
bles he found he wanted 3 more to complete ^e square ; then 
the third boy says, I have just three, and that will make the 
square complete. 

How many had the first boy ? How large was the 8qua,re 
which all the marbles made ? 

3. The boys of a school thought, one day, at recess, they 
would form diemselves into a square. A piut of them first 
formed a square, when it was found that there were 15 boys 
left; diese 15 then placed themselves in a row on two sidesof 
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tbe MiQfiray when it wbb fiuind that it raqaired i hdjs more to 
oompkie the square. How manj boys were there in the first 
square ? How many in all ? 

4. A general, drawing up hie soldiers in a square body, with 
the same number in ra^ and file, found he had 55 men over 
and above. He placed these in a row on two sides, and found 
that he now wanted SO men to complete the square. How 
many men were there on a side of the first square ? How 
many men in the first square ? How many men had he in all ? 

5. There is a certain square number expressed m the terms 
of its parts, that is, it is expressed in three terms, the first of 
which is the square of the first part, the second is twice the 
product .of the two parts, and the third is the square of the 
second part Now the first two terms are 16-|-24, what is 
the third term ? What is the number? 

6. There is a square number expressed in the terms of its 
parts ; the first two terms are 9+24 ; what is the third ? 

7. The first and last terms of a square are 4-^ 25 ; what 
must be the middle term ? What is the number ? 

8. The first and Ust terms of a sq. are 9-f-4 ; what is the 
second term ? What is the square ? 

9. Complete the square whose first two terms are 164-40 

+a. 

10. Complete the sq. 36+24+ o. 

11. Complete the sq. 4+4+ Q. 

12. Complete the sq. 9+6+0- 

13. Complete the sq. 16+8+C3. 

14. Complete the sq. 25+10- 

15. Complete the sq. 25+20- 

16. Complete the sq. 36+24- 

17. Complete the sq. 25+30+d 

18. Complete the sq. 25+40+0. 
The square root is the number which multiplied into itself 

produces the square. Thus 3 is the sq. root of 9, 2 is the sq. 
root of 4t 5 IS the sq. root of 25. 

The square root of a square of three terms, like those 
^ven above, is the sq. root of the first term, plus the square 
root of the third, for these multiplied by themselves will pro- 
duce the square. Thus the square root of the squafe 9+12 
+4 is 3+2, or 5. 3 is the sq. root of 9, and 2 the sq. root of 
4. This number, 8+2, multiplied by itself, win product the 

Sfoare of 9+42+^ 
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19, Con^fdete the aq. 36+24^*113. What w Hb roott 

20. Complete the 9q. 36+124^=3. What ifi its foet? 

4+CZL What k ks root? 



21. Complete the sq. 16- 

22. Complete tl^ eq. 9+12+0. What is its root ? 

23. What U the square root of 169 ? 

Divide the niimber ioto three terms, 100+60+9. We 
cUvide it so because 100 is a 8<|uare, aad 60 is twice the pn>- 
duct of 10, the root of the first term, into the root of what this' 
way of dividing leaves us for the third term. That is, if we 
tjU^ 60 for the 2d term, we leave 9 for the 8d term, and this 
is as it should be, for 60 is twioe the product of 10 into 3. 

The root is therefore 10+3, or 13. 

24. What is the sq. root of 196? 

. We will take for the first term 100, whose root is 10. Now 
as the 2d term is twice the product ai the two terms of the 
rpot, if we divide half of it by the 1st, it will give the 2d term 
of the root ; or what is the same thing, if we divide the 2d' 
term of the square by twice the first term of the root, it 
will give the 2d of the root. Now 96 contains the 2d and 
third terms, of the square ; we must separate it into two parts, 
such that the first part, divided by twice 10, or 20, will give^ 
f<ppf (quotient dte root of the second part. 

Let us first try by dividing it into 60 and 36. Now 6i^ 
divided by 20 gives threct which is not the root of 36 ; our 
division, therefore, was wrong. The 2d term was too small, 
and the 3d too great. We will try again. By dividing it 
into 80 and 16, we find that 30, divided by 20, gives 4, which 
is the root of 16. The number 196, when arranged in the 
three terms of the square^ will be 100+80+16, and the root 
is 10+4, or 14. 

25. What is the root of 225 ? Here we mvst not take for 
our first term 200, for this ia QOt a square. We must take the 
largest sqqaire vrhese rik>t is an even 10. This is 106. We 
ha^ve re9|ainii(ig 125 ; this we most divide into two terms, ' 
such that the first divided by twice 10 wiU give the root of the 
second term. We will fint divide into 30 and 45 ; 80 di- 
vided by 20 gives 4* which is not the square root of 45. We 
lYill divide into XOO and 25 ; 100 divided by 20 gives 5, 
which is the exact root of 25. The number 225, therefore, 
when arranged in the three terms of a square, stands 100+ 
100+25, %ad ^ eqinm rootJa 10+5, 6r 15. 

^6. What' is the square root of 256 ? T^ngjor tie tral 






tana 100, it noMaiw to divide Hie reondnder, 15<) aceordbg 
tke priadple slated above. Now 120 will oonti^ 'M, 
times, which is the root of 4fae remainder, 86 ; the numbef 
stands, therafore, 100+1204-36 ; square root 10^-6, or 16. 

27. What is the square root of 484? Here we take lorthe 
first t&eok 400, for that is the hirgest square whose root is in 
even tens ; its root is 20. The remainder we may divide into 
90 and 4 ; dividing 80 bj twice 20, or 40, we have for the quo- 
tient 2, which is the root of the third term. The square^ 
therefore, is 4004r80+4. The root, 20+2, or 22. 

28. Whatis the square root of 529? of 576? of 625? of 676r 

29. The following ie a ready method of squaring a mixed 
number whose fraction is ^; as 2^, B^, 4^ The fraction wilt 
be ^ ; for the other number, multiplj the whole number bj a 
number greater than itself by one. Thus the square of 2|^; 
the fraction is ^, the whole number 2X8 or 6, 6j^. The 
squareof 3^, dX4,or 12, and ^. The sq. of 4^ is 4X5, or 20, 
and i. What is the sq. of 5^? 6^? 7^? 8|? 9^? 10|. 

.The same principle will apply to the square of whole num- 
bers whose last figure is 5 ; as 25, 45, 55, &e^ for such a 
number consists of a <^rtain number of tens, and half of lOL. 
As the right hand figure is 5, the two right hand figures of , 
the square must be 25 ; then multiply the number at the left 
of the 5 by itself increased by 1, and this, read at the left' 
hand of the 25, will be the square. Thus, for the sq. of 25,, 
the two right hand figures will be 25 ; for the rest, multiply 2 • 
by 8, which is 6 ; ans. 625. 

80. What is the eq. of 85? 8X4ssl2; to thia am«K 25; 
1225, ans. 

What is the sq. of 45 ? of 55? of 65? of 75? of 85? af95^ 
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SECTION XVII. 

* ► 

PRACTICAL QUESTIONS IN SQUARE MEA6UBE. 

1. How many square rods are there in a square mile t 

2. How many acres are there in a square mile ? 

3. Divide a square mile into 4 equal farms j .how^ many j^cres 
would there be iji^each? ^^^- - 

4. How n^AO^ acres aie thacip in T fojifftrnf n mito ■qwtrrf 

5. How iMiy 1161^4 ana thisn in a town 6 miles long |um1 
5 {gQes :,bfg^ ? . .. _ _ : . :. - * . '^ ^ -# 
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^ 8. J£ kailf of the town is imfie for iaprovenufent in cbnle-^ 
queuce of water and mountains, how many fiuns of 100 acres 
might be made from the other half? 

7. A man bought a rectangular piece of land containing 40 
acres ; on gmng out with his son to measure round it, to as* 
eertain how much fence it would require to enclose it, they 
found the £r8t side they measured to be 160 rods. 

. We need not measure any more, said the son, for I can tell 
all the rest in my head. 

How wide was the piece? and how many rods of fence 
would it take to go round it? 

8. A man bought 7 acres of land, in rectangular form ; the 
width of it was 28 rods ? what was its length ? 

If a four sided piece of land ]» rectangular, its contents may 
be foimd by multiplying two adjacent sides, or sides that meet 
and form a comer. 



Thus, 



V2 

4 if a piece is 12 rods long 
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iQid 4 rods wide, the two boundaries, 12 and 4, which meet 
and form the right angle at c, will, when multiplied together, 
give the contents in square rods ; 12X4=48. 

If the opposite sides are parallel, but the angles are not 
right angles, the distance between the two sides must be 
measurea by a perpendicular line, thus : 

" ^ the length) 16 rods, multiplied 

by the width, 4 rods, will give 
the contents. 

If the piece is a triangle, there must be a perpendicular 
line drawn to the longest side from the angle opposite to it. 
This perpendicular we may call the height of the triangle, 
and the longest side, its length; and tl^ height mi^plied 
into the length will give double the area ; dividing this by 2 
we get the area* 

To show the reason of this, take the folk>wing» figure : by 

M . examining this you will see 

that Uiere are in it two trian- 
gki just alike ; tha length of 
cMh mH rcAy aad the bei^t 
4iods. Now 16X4 will give, as in the case abo^O) Ike aieaef 



A 




mvMnuTxoifc 



flM whole ignre ; that is, of botk the irfiMigle»; tHerdoM il 
will give twice the area of one ef them. 

9. What » the area of a^ triangle whoee loiljgest side is 16 
rods, and the perpendicular, from the opposite ang^ to thi« 
side, 12 rods ? 

10, What is the. area of a triangle whose longest side is 24 
lods, and its height 9 rods ? 

iL.What is the area of a triangle whose longest side is 18 
rods, and height 16 rods ? 

12. A triangle contains just one «ere : its longest side is 20 
rods ; how long most the perpendicular, be from the opposto 
angle to that side ? . 

18. A triangle oontakis 2 acres ; its longest side is 32 liods ; 
how long is the perpendicular, firom the opposite angle to this 
«de? 

In a right angled triangle the longest side is called Ae 
hypotenuse ; the sides containing the right angle are called 
the legs, or one the base, and the other the peit)endicttlar. La 
all right angled triaai^es, the square of the hTpetenuse is just 
equal to the sum of the squares of the two other, sidesk This 
unportant principle is exhibited to the eye in the following ^ 



figure* 




































































The hypotenuse is 
divided into 5 equal 
parts, and its square 
IS therefore 25. Aie 
base has 4 equal paMe 
of the same length, 
making a square 6f 
16; the perpendicu- 
lar is divided into $ 
equal parts, of the 
same length as the 
others, which maldes 
a square <^ 9. Th4 
square of the perpen* 
dicular and of the 
base added togetheri 
16+9^25, which is 
the square of the hy- 
potenuse. 



If we know the square of the hypotenuse^ we know the 
of the squares of the two legs. If we knew Ae sum of the 
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•qaares of the two legs, we know the square of the h jpote*' 
nuse.* If we know the square of the hypotenuse aiid of one 
leg we can find the square of the other leg* And if we know 
the square of any one of these sides we can obtain the length 
of the side by extracting the square root, 
t 14 In a certain right angled triangle the square of the 
hypotenuse is 100 feet-; what is the length of the hypotenuse ? 
In the tame triangle the square of the base is 64 feet ; what 
is the length of the base ? 

In the same triangle, what must be the square of the per- 
pendicular? What is the length of the perpendicular? 

15. A and B set out from the same place ; A travels east 
6 miles, B travels north till he is 10 miles in a straight line 
from A ; how far north has B traveled ? 

16. There is a triangle, the perpendicular of which is 8 
feet, the hypotenuse is 5 feet; how long is the base? 

17. A man had a piece of land in the form of a right 
angle, the two legs of which were equal to each other, and 
the square of the hypotenuse was 128 rods ; how many rods 
was there in the piece ? 



The circumference of a cir- 
cle is 3 times and 4* greater 
than the diameter. If the di- 
ameter is 1 foot, the drcum- 
ferenoe will be 3i^ feet ; if the 
diameter is 2 feet, the circum- 
ference will be 6f feet. 



18. If the diameter of a circle is 3 feet, what will be the 
circumference ? If the diameter is 4 feet ? If 5 feet ? If 6 
feet? If 7 feet? 

If the diameter of a water wheel is 16 feet, what is the 
circumference ? 

19. If the diameter of the earth is 8,000 miles, what is 
the circumference ? 

To find the area of a sector of a circle, as a, e, b, multiply 
the arc by half the radius. This figure may be regarded as 
a triangle, the base ai which is the arc, and the radius, the ' 
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height; and 70a hare seen before, that in aCriaagley the base 
multiplied bj half the height gives the area. From this, we 
may obtain a method of obtaining the area of the whole 
circle. 

Multiply the circumference by half the radius. For we 
may regard the circle as made up of a great number of small 
triangles, whose bases added together are the drcumference 
of the circle, and whose height is equal to radius ; being in 
each case the distance from the circumference to Uie center. 

20. What is the circumference of a circle whose diameter 
is 14 feet? 

What is its area ? 

21. What is the cffcumference of a circle whose diameter 
is 12 feet ? 

What is its area ? 

22. What is the circumference of a circle whose diameter 
is 20 feet? 

What is its area? 

23. What is the circumference of a circle whose Hiametiar 
is 28 feet? 

What is the area? 



SECTION XVIII. 

ANALYSIS OF PROBLEMS. 

1. A boy spent one half the money he had, and had 1 dol- 
lar lefl; how much had he at first? 

2. A boy spent one third of the money he had, and had 
1 dollar left ; how much had he at first ? 

Ans. If he lost 1 third, he had 2 thirds left ; if 1 dollar 
was two thirds, half a dollar must be one third, and j> of a 
dollar the whole. He had 1 dollar and a half. 

3. A boy spent | of his money, and had 1 dollar left ; how 
much had he at first ? 

Let this and the following answers be given in form of m 
fraction, like the preceding answer. 

4. A boy spent ^ of his money, and had 1 dollar left ; how 
aincb ha4 he at first? 
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Ik AhojwpmH^ ]ys inoiiej, and had 1 do]]|urleft;1iow 
auich had he at fir^f 

6. A boj spent ^ of hii monej, aad had 1 dollar left; how 
much had he at first ? 

7. A boj spent ^ of his moneji and had 1 dollar left ; how 
mnch had he at first? 

8. A boj (^pent ^of his monej, and had 1 dolbr left; how 
anndii had he at first? 

9. A boy spent -^ of his monej, and had 1 dollar left; 
how mueh had he at first? 

10. A man carried some com to mill ; the miller took -^ 
el it for toll, and then there was just a bushel ; how mudi 
did the man carrj to mill ? 

11. A man carried some cloth to be fulled ; it shrank two 
sevenths in its length, and was then just a yard long ; how 
long was it at first? 

12. A man drew a prize in a lottery ; ^ of the prize was 
retained, and then the drawer received just 100 dollars ; how 
noeh was tiie price ? 

13. If a stick of timber shrink -^ in weight in seasoning, 
and then weigh 100 pounds, how much did it weigh at first ? 

14. A teamster sold f of a cord of wood, and then had 
half a oord left ; how mueh had he at first ? 

15. A man had an estate left him by his father ; he lost f 
of it ; he then received 1000 dollars, and then he had 3500 
dollars ; how muoh had he at first ? 

16. A merchant began trade with a sum of money, and 
gained so as to increase his original stock by ^ of itself; he 
then lost 500 dollars, and had 4^500 dollars left ; how much 
U he begin with ? 

17. A man set out on a journey, and spent half the money 
1m had fer a dinner ; he then paid half of what he had left for 
provender for his horse ; then, half of whajt now remained 
§09 toll in crossing a bridge, and had 10 cent9 left ; how much 
had he at first? 

18. A boy spent f of his money for a book, and | of it for 
•ome paper, and had 8 cents left; how much had he at first? 

19. A boy playing at marbles lost, in the first game, j^ of 
whaft he had ; in the second game, { of what he then had ; 
in the third, ^ of what he then had; in the fourth 11, and 

he had 16 marbles left ; how many had he at first ? 
^0. A boy playing at marbles, wins in the first game aO Hk 



to dboUe tb« number of nuurbks be bad; in Hie seeond game* 
be loses ^ of wbat he then had ; in the third game, he loseir 
6f and then finds he has just as many as at first ; how many 
bad he at first ? 

21. A man had his sheep in three pens ; in the first there 
were 10 sheep, in the second there were as manj as in the' 
first, and half the number in the third ; in the third there 
were as many as in the first and second; how many had he 
inaU? 

22. In an orchard ^ of the trees are plumb trees ; there 
are 20 cherry trees ; and the i^le trees, which constitute the 
remainder, are half as many as the plumb and cherry trees 
added together ; how many trees are there in the orchard ? 

23. John and William were talking of their ages, John 
says, I am twelve years old ; William says, if half my age, 
were multiplied by one fourth of yours, and half your age plus 
one subtracted from the product, that would give my age. 
How old was he ? 

24. A man talking of the age of lus two children, said 
the youngest was three years old ; the age of the eldest was 
4 bis own age; if his own age was divided by that of his 
youngest, and onoe and one third the age of the youngest 
subtracted from the quotient, that would give the age of the 
eldest; how old was the eldest? 

25. The number of pupils in a school is such that if you 
take half of them, and increase that by 2 ; then take one 
third of this last number ; and increase it by 3, and from this 
number subtract 6, the remainder will be 7 ; how many are 
there in the school ? 

26. A boy plays three games at marbles ; in the first, he. 
loses a certain number ; in the second, he gains 8 ; in the 
third, he loses 4, and then he finds he has two more than he 
began with ; how many did he lose in the first game ? 

27. A boy playing at marbles first lost one third of what 
he had ; he then doubled his number, when he had 5 marbles 
more than he had at first ; how many had he at first? 

28. There is a certain number, one third of which exceedi 
<me fourth of it by 2 ; what is the number? 

29. There is a certain number, one fourth of which exceede 
one fifth of it by 1 ; what is the number? 

SO. There is a certain number, one third of which added 
to.iHM filtb.of liamoun^ to 16 i vbflit is the ttttmber? 
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dl. There is ft number, <me third, one fourth, nnd one 
of which added together are 94 ; what is the number ? 

32. What 18 that number a fifth of which exceeds a sixth 
of it by 4? 

33. What number is that of whichr a fourth part exceeds 
a seventh part by 9 ? 

34. In a certain orchard there are apple, peach, and pear 
trees ; the apple trees are two more than haJf the whole ; the 
peach trees are one third of the whole, and are 14 less than 
the apple trees ; the rest are pear trees ; how many are there 
of each kind, and how many in all? 



SECTION XIX. 

SOLID MEASURE. 

Whatever has length and breadth, and thickness is a solid. 
A block of wood 1 inch long, 1 inch high, and 1 inch wide, 
is a solid inch. A block 1 foot long, 1 foot wide, and 1 foot 
high, is a solid foot. A block 1 yard long, 1 yard wide, 1 
yiu^ high, is a solid yard. 

1. How many solid inches are there in a block 3 in. long, 3 
in. wide, and 1 in. high ? 

2. How many in a bbck 4 in. long, 3 in. wide^ and 2 in* 
high? 

3. How many solid feet are there in a block 5 feet long, 3 
feet wide, and 2 feet high ? 

4. How many solid feet in a block 7 feet long, 2 feet wide, 
and 2 feet high ? 

When a solid has its length, height, and breadth, equal to 
each other, it is called a cube ; and the linear measure of its 
length, height, or breadth is called the root of the cube. We 
hafve seen what is a cubic inch, a cubic foot, and a cubic yard. 

Suppose now we have a pile of cubic inch Uocks, and we 
n^h to construct from them a cube, each of whose dimensions 
shall be 2 inches ; we will first take 2 blocks, and place them 
down side by side ; this will be as long as the required figure, 
but it will not be wide enough, nor lugh enough i to make it 



wide eooogh, we will place 2 more blocks down by the Me 
of the former ; the figure now contains 4 cubic inches, and ii 
2 inches long, and 2 inches wide, but it is only 1 indi high. 
To make it 2 inches high, we. must place upon this another 
layer of 4 blocks arranged just like the former. The figars 
will then be 2 in. long, 2 in. wide, and 2 in. high ; it containa 
8 cubic inches, and is the cube of 2. 

5. How many blocks will you require, and how will yott 
arrange them to make the cube of 3 ? 

6. How many blocks will you require, and how will you 
arrange them to make the cube of 4 ? 

7. How many blocks will you require, and how will yo« 
arrange them to make the cnbe of 5 ? 

The cube when expressed in numbers is the same as th6 
Bd power of the root. It is found by taking the root 3 times 
as a factor. Thus the 3d power of 2 is 2x2X2=a8. The 
3d power of 3 is 3x3x3—27. Of 4, is 4X4X4=64. Of 
5, is 5X5X5=125. 

In this way we may find the 3d power of any number. 

8. How many blocks, of a cubic foot each, will it take to 
form a cubic solid, 6 ft. on a side ? 

9. How many blocks of a cubic foot each will it take to form 
a cubic solid of 7 feet each way ? 

10. How many cubic feet will it take to form a cube of 8 
feet? 

11. How many cubic feet will it take to form a cube of 9 
feet? 

12. How many cubic feet wiU it take to form a cube of 10 
feet? 

13. How many cubic inches are there in a cubic foot ? 

14. A pile of wood 8 feet long, 4 feet high, and 4 feet wide, 
makes a cord ; how many cubic feet are there in a cord ? 

15. A pile of wood, 4 feet long, 4 feet high, and 1 foot 
thick, makes what is called a cord foot ; how many cubic feet 
are there in a cord foot? 

1 6. How many cord feet are there in a cord ? 

17. There is a pile of wood 40 feet long, 4 feet wide, and 5 
feet high ; how many cords does it contain ? 

18. There is a stick of hewn timber 25 feet long, 1 foot 
wide, and 1 foot thick ; how many cubic feet does it contain ? 

19. There is a tree from the but-^nd of which a stick may 
be hewn 13 feet long, 2 feet wide, and 2 feet thick; how many 
eabic feet will it contain ? 
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80. B is intiiwftfywi tliat dO feet of hewn timber we%|| « 
ton ; if 50 oabic feet weigh 20 cwt. net weighty what will 1 
filot wei|^ ? 

SI. If jon divide a cubic inch into blocks neasnring ^ an 
ioch each way, how many snch will there be in a cubic inch? 

23. How many cubic half inches are in a cubic inch ? 

23. If you divide a cubic inch into cubes of ^ of an inch 
flaoh» how many such will there be ? 

24. Uow many cubic quarter inches are there in a cubic 
iseh? 

25. How many cubic inches are there in a cube of one inch 
wd a half? 

26. If a man digs a cellar at the rate of f of a dollar for 
a cubic yard, what will the job come to, if the cellar is 18 fottb 
long, 12 feet wide, and 6 feet deep ? 

27. A stone-layer agreed to build a solid wall SO feet long, 
4^ feiet thidc, BXid € feet lugh, fer 2j^ dollars a cubic yard; 
what did the wall cost? 



CQBTStBUOTION OF THE GtTBE. 

We have eeen that the third power, or cube of any number, 
is obtained by taking the number three times as a factor ; the 
product is the cube, or third power. 

In this way the cube of any number whatever may be ob- 
tained. There is another way, however, of constructing the 
cube, the knowledge of which is very important in the ope* 
ration of extracting the cube root 

Suppose we wish to find the. cube of 5. Instead of taking 
5 three times as a factor, thus, 5x5x5=al25, we will re« 
gard the number 5 as consisting of two parts, 3 and 2. We 
will call 3 the first part, and 2 the second part of 5. 

We will begin by making the cube of the first part 8, thus, 
3X3X3=27. 

We will regard this as a cube of 3 inches, that is, 3 in. long, 
8 in. wide, and 3 in. high; and represent it by the following 
figure. 

The question now is, how shall we enlarge this cube of 8, so 
as to nudte it the cube of 5 ? It is evident, it must be 2 in. 
longer, 2 in. broader, and 2 in. higher than it now is. We 
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will begin then \ty pnttbqi i lajen 
of inch blocks on the front side, 8 
Isjren od the ri^t side, and 3 Uyers 
OB the top. The Hgnre thiu en- 
hrged is not a cube. There we aev- 
ertd places not filled op. It is nearer 
the cube of 5 than it was before; 
but something more must be added. 
Before mftkiuK that addidon, how- 
ever, let us see what we have done. The figure is the cube 
of 3, wbicb is the first part of S. To this there are 3 equal 
additions made. Each of these additions ia 3 in. square, and 
2 in. thick. Now 3 is the first part of 6 ; each addition, 
therefore, contains the square of the first part, 3, multiplied 
bj the second part, 2, or 3^X2; therefore the three addi- 
tions will be 3 times the square of the first port multiplied 
by the second. 

The whole figure, therefore, after these three additions are 
made, contains 3'+3 times 3»X2. 

We will now see what additions must next be made to the 
figure. 

There are 3 places that need filling up, each 3 in. long, 
2 in. wide, and 2 in. high. Each of these new additions la 

2 in. square, and 3 in. long. It consists, therefore, of the first 
part of 5 multiplied by the sq. <^ the second ; and the three 
together are 3 times the first part multiplied by the sq, of 
the second. There is one addition wanting to complete tha 
cube ; that is at the comer. It must be 2 in. long 3 ia. 
wide, and 2 in. hij^h ; that is, the cube of 2 ; or, in other 
words, the cube of the 2d part. 

Bememberiug that the two parts of 5, as here divided, are 

3 and 2 ; the printed figure is the cube of the first part, the 
first addition is 3 times the square of the 1st port, multiplied 
by the 2d ; the 2d addition is 3 times the first part, multiplied 
by the sq. of the Sdj the 3d addition ia the cube of the 2d, 
part. Let the letter a stand for the first part, 3 ; and the 
letter b, for the 2d part, 2, The printed figure will then he a' j 
the first addition, 3u^b; the second addition, 3ab* ; the third 
addition, b'. The whole cube, therefore, will l)e a■''-^-3a'h-^- 
Sub'-|-b=. Obnerve tliat t|ie letters and numbers ai-e to be 
multiplied togeil;er though theru is no sJgn of multiplicotioa 



betwetn them, M 9ft*b is three times th^ square of...% mniti- 
plied by b. 

These are called the tona terms of the cnbey when the roM 
is in twe parts. 

If we express the abonre in tibe nombezs for tbe cube of 5, 
it will stand thus 

. Ut. Sd. 8d. 401. 

1. What number makes the 1st term of this cube? 

2. What number forms the 2d term t 
8. What number forms the 3d term? 

4. What number forms the 4th term ? 

5. What do all the 4 terms amount to ? 

6. Which of the four terms contains the third power of the 
first part ? Which contains the 2d power of the first part ? 

7. Which contains the first power of the first part ? Which 
term contains the 1st power of the second part ? Which the 
2d power ? Which the 3d ? 

8. If the 4th term of the above cube were not given, how 
could jou determine from the others what it must be ? 

9. If the 3d term were gone, how oould you restore it ? If 
the 2d was gone how could jou restore it ? 

10. If you divide the number 5 into the two parts, 4 and 1, 
and express the cube according to the above rule, what will 
the 1st term be ? What will be the 2d term ? What will be 
the dd term ? What the 4th ? 

Remember here, that all powers of one are one, — neither 
more nor less. 

Divide the number 6 into 4-|-2, and form the cube accord- 
ing to. the above rule. 

11. What will the 1st term be? The 2d? The 3d? 
the 4th? 

12. What will they all amount to 

Multiply 6 into itself 3 times, thus, 6X6X^> ^nd see if it 
amounts to the same. 

13. Divide 6 into the parts 5-|-l, and form the cnbe. 
What will be the 1st term ? The 2d ? The 3d ? Hie 4th ? 
What do they all amount to ? 

14. There is a cube in 4 terms, the first two terms of which 
are 3«-j-3X3»Xl ; what must be the 8d term? What the 
4th term-? What i^ the number of the cube ? What is the 
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9^0tx£j&etfA^? This n)ot is t^e edb« not of tte fiivi 
term, added to the cube root of the last. ^ 

15. There is a cube in 4 temid, tiie first two of whidi are 
2^4-3X2^X2; what is the thiid term? What the fburtii? 
What is the whole cabe? What is the first part of the root? 
What is the second part ? What is the whole root? 

H. Complete the cube 4«+3X4r*X2-HzH-2». 

Wliat is the number of the cube ? Wb&t the root? 

17. Complete the cube 8«+3x3«X34-3X8X««4a 
What is the number of the cube? 

18. There is a cube in 4 terms, the ftrst of which is 1000; 
what is the first part of the root ? 

19. The second term of the same cube is 800x6, or 1800; 
what IS the third term ? 

20i What is the fourth term of the same cube ? 

21. What is the root of the above cube ? 

22. The fisst term of a cube is 1000, the second is 800X8^ 
or 2400 ; what is the third term ? . 

23. What is the fourth term of the above cube ? 

24. The first term of a cube is 8000, the second is 1200X3 ; 
what is the third term ? 

Observe thst 1200 is 8 times the square of the first tertn ; 
eonsequentlj, one third of it is the square of the first term. * 

25. What is the fourth term in the above cube ? What i^ 
the root ? 



SECTION XX. 

BAHO — PROPOBTION. 

If we compare the two numbers, 3 and 9, in order to asoer- 
tain their relative magnitude, we may subtract 3 from 9 ; ire 
find the difierenee to be 6. 

There is another way of comparing the two numbers. Wa 
maj see how many times 3 will go in 9 ; we shall find the 
quotient to be 3. ^ . 

The numbers we obtain in each of these comparisons is 
called the Batio of the two numbers ; but they difier in kind i 



ihd fomer is ea&ed Arithmeticai rstib; the lattery Gedflulrf* 
cbI ratio. 

▲rithmetical ratio, thea, expresses the difference of two 
autabers; Geometrii^ ratio expresses tke quotient of one 
of the numbers, divided bj the other. As we riiall spealc 
only of geometrical ratio in what follows here, the word 
ratio whenever it is used, may be understood to mean geo- 
metrical ratio. The ratio of 4 to 2, written 44 2, is 2 ; for 2 
wilLgD in 4 twice. The ratio of 12 to 3, written 12 : 3, is 4 ; 
for 8 will go in 12, 4 times. 

: The two numbers compared, are together eafied the terms 
of the ratio, or simply, the ratio ; the first is caHed the Ante- 
^ent, the' second is called the Consequent. These two terms, 
you will perceive, correspond exactly to tlie noiaerator and 
denominator! of a fraction ; for in a fraction, the numerator is 
divided by the denominator. A ratio is then another way of 
eS|»'essing a fraction. The antecedent is the numerator ; the 
consequent the denominator. 4 : 2 is the same as | ; 6 : the 
same as f . 

As a ratio is essentially the same as « fraction, everything 
is true of a ratio which is true of a fraction. 
, h What effect will it have on the vahia of the ratio, if 
vou increase the antecedent ? if you diminish the antecedent? 
M! Toa double the antecedent? if you divide the antecedent 
b7^ ■ 

2. What effect will it have on the value of the ratio, if 
you increase the consequent? if you diminish the conse- 
quent ? if you multiply the consequent ? if you divide the 
consequent ? 

8. Take the ratio 4:2; how can you multiply it by 2 ? In 
what other way ? 

4. How can you divide it by 2 ? In what other way ? 

5. Take the ratio 6:8; how ean yotf muhiply it by 2 ? 
Can you do it in more than one way ? If you cannot, why ? 
• 6. flow can you divide it by 4? Can' you do it in more 

tlum one way ? If tot, why ? 

Take the ratio 4:2; multiply both terms by the same num- 
ber, 8, ibr examine ; it will be 12 : 6 ; you see the value is not 
altered; divide both terms 4:2 by 2 ; it will be 2 : 1 ; the 
valoa is not altered ; it is still 2. 
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PBOPORTION. 

If there are foar numbers, and the first has the same rado 
to the 4ecoDd that the third has to the fourth, the four num« 
bers are said to be in proportion. Thus the numbers 2:1:: 
12 : 6, are in proportion. The first has the same ratio to the 
teoond, that the third has to the fourth. The ratio is 2. 

A Proportion then is the equality of two Ratios. 

The four dots : : between the two ratios, are the same as 
the sign of equality, bs. 

In order to preserve the proportion, the two ratios must al- 
ways be equsl to each other. You may make any change 
you please in the terms, provided you do not destroy thia 
equality. 

Let us take the proportion 4 : 2 :: 12 : 6; the value of the 
two ratios is now equal. 

1st Multifdy the antecedents by 2 ; 8 : 2 : : 24 : 6 ; the 
numbers are still in proportion, fi>r the value of the two ratioe 
is equaL 

2d. Divide the antecedents by 2 ; 2 : 2 : : 6 : 6 ; the value 
of the two ratios is equaL 

dd. Multiply the consequents by 2 ; 4 : 4 :: 12 : 12 ; the 
value of the two ratios is equaL 

4th. Divide the consequents by2;4:l::12:8; the value 
of the ratios is still equaL 

5th. Multiply both terms of the first ratio by 2 ; 8 : 4 : : 11 1 
6; or multiply the 2 terms of the second ratio by 2 ; 4:2 : : 
24 : 1 2 ; the ratios are still equaL In the same way we might 
take any other number for our operations instead of 2 ; the 
same operations might be performed without destxoying the 
proportion. 

The two middle terms of a proportion are called the meaaa | 
the first and last terms are called the extremes. 
' In a proportion the product of the two means is equal to 
the product of the two extremes. 

Take the proportion 4 : 2 : : 6 : 3 ; the product of the means 
2X6 is 12 ; and the product of the extremes, 4X8, is 12. 

Take the proportion 6 ; 2 : : 9 : 3 ; 2X9=18, 3X6=18. 

Take the proportion 10 : 2 :: 80 : 6 ; 2X80=6X10. 

If we know, then, the product of the me^ms, we know the 
product of the extremes. 



JQS KEKTIX ARITHMSTIC. 

In a certain proportion the product of the meant is 80 ; 
what must be the product of the extremes ? 

6. Further, if we know the product of the means, and if 
we know one of the extremes, we can find the other. If, as 
in the above case, the product of the means is SO, and if one 
of the extremes is 3, what must be the other ? 

How do you find that number ? 

7. If the product of the means is 30, and one of the ex- 
tremes is 10, what must the other be ? 

; How do you find the number? 

8. If the product of the means is 30, and one of the ex* 
tremes is 5, what is the other ? 

If one of the extremes ia 6, what is the other ? 

If one of the extremes is 15, what is the other ? 

You see, therefore, that if you multiply the means togeth* 
er, and divide the product by one extreme, the quotient will 
be the other extreme. 

9. If the product of the means is 72, and one of the ex- 
tremes is 24, what will the other be ? 

10. If the first 3 terms of a proportion are 9 : 6 :: 12, 
what must the fourth term be ? 

11. What is the fourth term of the proportion 5 : 8 : : 15 ? 

12. Complete the proportion 8 : 6 : : 12. 

13. Complete the proportion 14 : 8 : : 7. 

14. Complete the proportion 10 : 4 : : 15. 

By means of this rule, many interesting questions may be 
sobred. 

16. If 8 yards of doth cost 6 dollars, what will 20 yards 
of the same cloth cost ? 

It is evident, that the length of the shorter piece is to the 
length of the longer, as the cost of the shorter, is to the cost 
of the longer. Now we know all these numbers except the 
last, askd can express them in a form of a proportion, thus, 

Tda. Yds. Polli. 

8 : 20 : : 6. 8 is the length of the shorter piece ; 20, the 
length of the longer ; 6 is the cost of the shorter piece. The 
fourth term, that is, the cost of the longer piece, we have not 
yet found ; you must discover that yourself; how can yon do 
it? 

16. If 18 yards of cloth cost 15 dollars, what will 12 yards 
of the same doth cost ? 

What do you here seek, — the quantity of doth, or the 
price? Is it the price of the longer, or of the shorter piece? 
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How can 70a make a proportion with tiie two qnantitiea 
of doth, and the two sums they cost ? State this proportion 
in general terma, putting the thing soaght as the fourth term. 
State the proportion in figures sdl except the fourth term. 
How win you find the fourth term ? 

17. If 5 yards of cloth cost 2 dollars, what will 7 yards of 
the same cloth cost ? 

State the proportion in general terms. 

State the first three terms in fis:ures, and find the fourth. 

18. If a horse travels 16 miles in 3 hours, how far will 
he travel in 2 hours ? 

As the longer time is to the shorter time, so is the greater 
distance to the smaller distance. 

Remember that things of the same kind should stand in 
the same ratio ; and that the quantity sought must be tha . 
fourth term. Then inquire what the true proportion must be, 
and state it in general terms, repeating the trial, if neces- 
sary, till you perceive that you are right. This is far bitter 
thain any special rule, for it leads you to reason on what you 
do. 

19. If a certain number of cubic feet of timber weighs a 
certain number of hundred weight, and if we wish to know, 
without weighing, how many hundred weight a certain small- 
er number of cubic feet will weigh, what will be the propor* 
tion in general terms ? 

20. If 16 cubic feet of wood weigh 5 cwt., what will 6 ; 
cubic feet weigh ? 

21. If 3 barrels of flour last a family 7 months, how many * 
barrels will last them 12 months ? 

22. If an iron rod of equal size throughout and of a certain 
length, weighs a certain number of pounds, and is broken into • 
two parts, not in the middle, how can you find the weight of 
one of the parts without weighing it? 

23. If an iron rod 7 feet long weighs 20 pounds, what wHl 
5 feet of it weigh ? 

COMPABISON OF SIMILAR SURFACES. 

As all the above questions may be answered by analysis as 
well as by proportion, the rule of proportion might be dis* 
pcnsed with for tiie purposes of solving this kind ^ qneitioDt. 
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Il hasy lioweTer, very importaiit and interesting 

in the measarement of similar surfaces and sofids. To pre^ 

pare for this, yon mast attend carefuUj to a few intitMLiKtorj 

itatements. 

Two surfaces are similar to each other when thej are. 
shaped alike, though they may he unequal in size. Thus a 
large circle is similar to a small circle, for they are hoth 
ihaped alike. 

So one square is similar to another, though they may he 
Wiequal in size. One equilateral triangle is similar to anoth- 
er equilateral triangle. 

If a rectangle is twice as long as it is wide, and a larger 
oir a smaller rectangle is twice as long as it is wide, the two 
are similar. In the same way any two surfaces, however 
irregular their shape, are similar, provided they are shaped 
alike. 

We will now come to a stricter definition of similar sur- 
faces. Similar surfaces are such as have their corresponding 
dimeaaions proportional. Take the circle : the dimensions of 
the circle are the diameter and the circumference ; the diam- 
eter of one circle is to its circumference, as the diameter of a 
hnrger or a smaller circle is to its circumference. For you 
have learned before that the circumference of a circle is df 
times its diameter. 

Take the square ; one side of a square is to another side 
of it, as one side of a larger or smaller square is to another 
side of it. 

If a rectangle is twice as long as it is wide, another rec- 
tangle in order to be similar, whatever be its size, must be 
twice as long as it is wide. 

1. There are two similar rectangles ; one is 8 feet long 
and 6 feet wide ; the other is 6 feet long; how wide is it? 

i. There are two similar rectangles ; one is 5 feet long and 
2 feet wide ; the other is 11 feet long ; how wide is it ? 

3. There are two similar right-angled triangles; in the 
largest the base is 9 ; the perpendicular 4 ; in the smallest the 
base is 8 ; how long is the perpendicular ? 

We will now come to the comparison of the areas of 
similar surfaces. . 

4.. There are two circles ; one is 1 foot in diameter^ the 
other 3 feet ; how much greater is the area of the lar|^ry than 

tha area of *ha aT¥mJ1of» ? 



'It is dbearlj Jiior« than twice as laxge^ for you could lay 
two of the smaller circles on the larger, and stUl leave a 
oonaiderabie space uncovered. Before answering this ques- 
tion, we will take the simple case of two squares, one of 
which measures 1 foot on a side, and the other 2 feet Tou 
perceive the larger one is 4 times as great as the smaller. 

Let one square measure 2 feet on a side.; the other, 4 feet ; 
how much greater is the larger than the smaller? The 
sqialler contains 4 square feet ; the larg§r, 16 ; it is th^:efi)re 
4 times as large. 

5. If one square measures 3 times as rnneh on a side aa 
another, how much greater is its area than that of the amaUer ? 

Let one square measure 1 foot on a side ; the other, di^t$ 
in what ratio are their areas ? Let one measure 2 foet on a 
side ; the other, 6 ; in what ratio are their areas ? 

The area of the larger you dnd is 9 times as great as that 
of the smaller. This may serve to suggest the principle by 
which the areas of all similar sur&ces may be c o mpa r ed. 

The areas of similar surfaces are to each other as ike sqtuanes 
oftkeir corresponding dimensions. * 

Let one square measure 1 foot on a side ; another, 2 feet» 
1»:2»::1:4, 

Let one square measure 2 foet, and another, 4 foet on a side. 
2>:4«::4:16. 

Let one square measure 1 foot on a side ; another, 8 feet. 
1»:3«::1:9. 

Let one square measure 2 feet on a side; another, G feet* .' 
2» : 6« : : 4 : 36. 

This principle applies to circles, triangles, and all siraiiap - 
sor&ces whatever. You can now reour to question 4»«id 
find the answer to it. 

6. There are two circles ; the diameter of the greater is 3 
times that of the smaller ; the area of the smaller is 1 aere ; : 
what is the area of the greater ? 

7. There are two circles ; the diameter of the smaller is ^ . 
thirds that of the greater; and the area of the smaller is i . 
acres ; what is the area of the greater ? 

8. There are two similar triangles; the correspondii^ 
dimensions are as 3 to 4, and the greater contains 12 acres ; ^ 

what does the smaller contain ? 

10 . . - 
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9. A fiurmer fenced a triangular piece of ground for a fieM, 
bat finding it not large enough, he enlarged it, making each 
aide 1 third greater than before, and it then contained 5 acres ; 
how much did it contain at first ? 

10. There is an irregular field containing 8 acres ; one of 
the sides measures 20 rods ; if the field be enlarged, retain* 
ing the same form, so that the above named side measures 25 
rods, how much land will it contain ? 

11. There are 2 circles ; the smaller is 8 rods, the latter 7 
rods in diameter ; how much greater in proportion is the area 
of the latter than that of the former ? 

12. There are 2 ciroles, one with a diameter of 3 feet, tha 
other of 8 ; how much greater is Oie area of the larger than 
that of the smaller ? 

COMPABISON OF SIUILAK SOUDS. 

We now come to the comparison of similar solids. 

1. Let there be 2 cubes ; one of them measuring 1 inch on 
a side, the other 2 inches ; how much greater is one than the 

other? 

« 

You will perceive, bj thinking of the construction of the 
cube, that the cube measuring 2 inches has in it 8 cuIhc 
inches, and is therefore 8 times as great as the one measuring 
only 1 inch. 

2. Take cubes measuring 1 inch and 3 inches ; how much 
greater is the latter than the former ? 

3. Let one measure 1 inch, the other 4 inches ; how much 
greater will the larger cube be? 

These examples maj suggest the principle on which aU 
■unilar solids are compared. 

Similar solidi are to each other as tke euhei of their corrU' 
ponding dimensions. 

Take now the first of the above three examples; the ratio 
of the corresponding dimensions is 2 ; 1, the cubes of these 
terms, or, 2> : 1> are 8 ; 1, and this is the proportion of the 
one solid to the other. 

In the second example, the ratlp of the corresponding di- 
mensions is 3 : 1, the cubes of these 9^ r l^i are 27 : 1, and 
fhiM is the ratio of the two solids. 
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In the third example the ratio of the corresponding dimen- 
sions is 4 : 1 ; the cubes of these terms, 4* : 1* are 64 : l, 
which is the ratio of the two solids to each other. 

4. There are 2 iron balls ; the smaller is 1 inch, the other 5 
inches in diameter; how much does the larger weigh more 
than the smaller ? 

5. There are 2 iron balls; their diameters are 2 inches 
and 3 inches ; what is the ratio of their weight? 

6. If the, diameter of 2 balls is respectivelj 8 inches and 4 
inches, what is the ratio of their weight? 

7. If a cubic inch of stone weigh 1 ounce, how many ounces 
would a cubic stone, measuring 10 inches, weigh ? 

8. How man J ounces, if the cube measured 11 inches? 
, 9. How many ounces, if the cube measured 12 inches? 

10. If there were a smaller pyramid, of the same material 
and shape with the great p3rramid of Egypt, and of "j^i- its 
height, how many such would it take to equal in solid contents 
the great pyramid ? 

11. A common brick weighs 4 pounds, and is 8 inches in 
length ; how much will a similarly-shaped brick weigh, that 
measures 16 inches in length ? 

12. If an axe 4 inches wide weighs 4^ pounds, what will 
be the weight of a similar axe 5 inches wide ? 

IS. If a blacksmith's anvil, 1 foot long, weighs 200 pounds^ 
how much will a similar anvil weigh that is 2 feet long? 

14. A farmer sells 2 stacks of hay of the same shape and 
solidity ; the smaller is 10 feet high, and is found to weigh 8 
tons ; the larger is 15 feet high ; how can its weight be deter- 
mined without weighing it, and what will the weight be ? 

15. There are 2 similar cisterns, the smaller is 6 feet deep 
and holds 500 gallons ; the larger is 8 ieet deep ; how maaj 
gallons will it contain ? 

These (derations will be rendered more easy, if, in ertrj 
case where the ratios, may be reduced, you reduce them to 
their lowest terms. 

16. If a coal-pit 8 feet high has required 10 cords of wood, 
how much wood would be required for a coal-pit of similar 
shape 10 feet high ? 

17. If there are two trees shaped alike, the smaller meas* 
sring 4 feet in circumference, the larger 5 feet, how will tho 
amount of wood in the one compare with that in the other? 
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The priociple given above applies to all similar solids, 
wlieiher bounded by plain surfaces, or by curved surfiEWse^. 

18. K a dwaif measures 2 feet in hei^bt, and a man of the 
aame form and solidity, 6 feet high, weighs 180 pounds, how 
^nanv such dwarfs would equal the weight of the man ? What 
would the dwarf weigh ? 

19^ If a man 6 feet 2 inches in height weighs 200 ^unds, 
what would be the weight of a giant of equal solidity and 
pimilar form, 9 feet 3 inches in height ? 

20. If an animal 4 feet high weighs 600 pounds, what wiH 
an animal of the same form and equal solidity weigh, whose 
height is 5 feet ? 

21. An artist in Europe has made a perfect model of St 
Peter's Chureh at Rome, representing every part in exact 
proportion, on a scale of 1 foot to 100 feet; ir the material of 
|he model is of the same solidity with that of the church, how 
many times greater is the solid contents of the church than 
ihat of the model ? 

22* If a granite obelisk were oonstrueted ui the prp^se 
form of the Bunker Hill monument of one tenth its heighti 
how many such obelisks would the monument furnish material 
to construct ? 

The comparison of similar surfaces and solids by proportion 
has various interesting applications in determining the com? 
parative strength of timbers and materials used in building, 
^d in ot^r arts. 

Oase IHrst. *^ The strength of materials to resist a strsm 
lengthwise. 

1. !l^ an iron rod half an inch in diameter will hold a cer- 

» ' . * 

tasn weight suspended by it, how much greater weight will a 
rod hold that is 1 inch in diameter ? 

Here the strength is in proportion to the size, without re- 
gard to the length ; that is, as the square of the diameters. 

2. If an iron rod half an inch in diameter will suspend 2 
Ions, what weight will a rod suspend that is three fourths of 
an inch in diameter ? 

3. A buOder finds that im iron rod 1 inch in diameter will 
suspend a certain weight ; he wishes, however, to add to the 
we^t half as much more, and, in order to support it, substi* 
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tales for tbe inch ]X)d anotber rod 1^ incheft in diameter ; wDl 
it sustain the required weight ? 

4. There are two ropes of the same material ; one, 1 j- inehes 
in diameter ; the other, 2 inches ; what is the ratio of their 
atrength? 

C€U€ Second. -^The strengtli of beams to resist fractare 
crosswise. In beams of the same material, length and width, 
bat of different depth, the strength varies, €u the square of the 
depth. 

1. There are two beams of equal length, bat the depth of 
one is 10 inches ; of the other, 12 indies; what is the ratio of 
their strength ? 

2. There is a stick of timber 4 inches thick and 12 inches 
deep ; if sawed into three 4 inch joists, what part of the former 
strength of the whole stick, when placed edgewise, will each 
part possess, allowing nothing for waste in sawing ? 

8. There is a stick of timber 10 inches in depth ; if 4 inches 
of its depth be removed, what will be its strength compared 
to what it was before ? 

4. There are two sticks of timber, equal in length and 
width ; one, 7 inches deep ; the other, 5 ; what is the ratio of 
their strength ? 

d. If a stick of timber 6 inches deep have 2 inches of the 
depth removed, will it be weakened more than one half? 

What is the exact ratio of its present, compared with ita 
former strength? 

6. A builder went to a lumber-yard, wishing to obtain an 
oak beam 5 inches wide and 10 inches deep ; the lamber* 
merchant said, ^ I have not such a stick ; but I have two oak 
sticks of the right length and width, and 7 inches deep ; thej 
will both, placed side hy side, be stronger than one beam 10 
inches deep." ^ Not so strong," said the builder. 

Which was right ? and what is the ratio of strength in the 
two cases ? 

10* 
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NOTX 1.— -Paob 15. 



TUi «9tetciae ilioald be often reviewed till die pujaU can so 
tbrongb it with ease, and without mistake. No exercise can oe 
devised that will more rapidly increase tlie learner's powera in Ad- 
dition. 

Note 2. — Page 16, To the Instructor, 

The word, complement means, something to fill n^. In arithme* 
tic, the complement of a number, strictly speaking, is that number 
wliioh must oe added to it, to make it up to the next higher order. 
The complement of a number consisting of units onlj, as 8, 7, 9^ 
is the number that must be added to make it up to 10, and oon« 
nsts of units only. If the number consist of tens, as 20, 50» its, 
complement is the number that must be added to make a hundred, 
«id (Consist of tens. If the number is hundreds, its complement is, 
•0 mauy hundreds as will make up a thousand. 

If the number consist of several orders, its full comptement 
wttl conmst of the same orders, of such an amount as to raise the 
nim to the next order above the highest named in it The com* 
plement of 745 is 255, for 745-{-255=1000, which b the order 
next above the highest named in the given sum. 

The more restricted use of the word, as employed in the text, is 
fufficient for the purposes here had in view. 

A few sttg^restions will here be made in reference to the best 
mode of conducting the accompanying recitation. The object of 
the lesson is to cultivate the power of instantly associating a num* 
ber and its complement together. In conducting the recitation, the 
answer to each question as it is given out, should be required sim- 
ultaneously by the whole class, xhe teacher should stand before 
them, and require that every eye be fixed on him. The questions 
•hould not be hurried, but the class should be encouraged to an- 
fwer instanthr on hearing the question. This will be 6asy in the 
first «U» qC aniabers giveA, which «e evea tex& la x^avd to 



ibt remaioiii^ amnberB, however, which are oofc eTeo tens, aome- 
diing more will be necessary. Suppose the question is, n^t is the 
complement of 37 ? it may be conducted as follows : 

Teacher, What is the complement of — 30 ? , 

Class. 70. 

Teacher, Now listen to me without speaking; what is the com- 
plement of SO ? you observe, I am geing to say something 

more; what will it be? 

Class, Something between SO and 40. 

Teacher, Well then, whereabouts will the complement be 
foand? 

Cl<iss. Between 60 and 70. 

Teacher. Very good ! Now when I say SO, and keep my voice 
suspended, showing that that is not all, what number can you think 
of, that you know will be a part of the complement ? 

Class. 60. ^ 

Teacher, Very well. Now listen ; what is the complement of 
80 ? what have you now in your mind ? 

Oass. 60. ^ 

TeacJier, Well, now once more listen, and all answer aa soon 
as you hear the question ; what is the complement of 37 ? 

Class. 63. 

In the following questions, let the teacher always make a short 
pause between pronouncing the tens, and the units; and if the 
class hesitate or disagree in their answer, let the question be re- 
solved into its elements, and each one presented aeparately. Thus, 
if 64 is the number, and the class have not answered promptly , 
and alike, say thus, — what is the complement of 60 ? 

Oass. 40. 

Teacher. What is the complement of CO ? what do yoa 

think of? 

Class. SO. 

Teacher, Now answer all together ; what is the complement of . 
64 ? 

Class. 86. 

In the examples of addition that {bUow, the teacher should make 
a pause between the two niunbers, and see that every member of 
the class is intent and eager to catch the second numDer> and an- 
swer instantly. A few questions answered by the whole class in 
this way, will benefit them more than whole pages recited in aa 
indolent and listless manner. 



• Note 8.~Pag« 17. ' ^ 

In these and all other examples, the large numbers should be 
tiken first If the pupil begins with the units, iss in written 
ttithmeticy he should oe chocked at once. Such a method ^ 
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mAj lead to a laboriouB imitation of the process of written aridk- 
metic, which is not the natural one, and could fliye no new newer 
to the pupil, nor awaken anj new interest in the study. Only a 
amall portion of these questions should be recited at one lesson. 



Note 4. — Page 28. 

Care mtat be taken here that the pupil does not imitate the 
process of written arithmetic, but be required to re^ird eyerr 
number in its true value. Thus in the question, what is one fifth 
of 2d0 ? he must not saj 5 in 25 will go 5 times ; and 5 in 0, no 
times; but one fiftii of 25 is 5; therefore, (me fifth of 250 is 50. 



Note 5. — Page 25. 

In the hiffher as well as the lower numben, let the pupil grapple 
at once with the number as it stands. In this way his interest will 
be yer|r much increased. He will see, throughout, the progress he 
is making; whereas, in written arithmetic as usually studied, the 
pupil has no sooner begun an operation than he loses sight of the 
process, and goes on in blind bondage to his rule, till he comes out 
at the end, and then looks to the oook, as to an oracle, for the 
answer. 

Let the oldest class in arithmetic in a school be called np, and 
one of them be required to perform on the board the question, 
^ what is one sixth of 43,248 r " and when he has obtained the first 
quotient fis^re, stop him, and ask him, what he has now done ; he 
will most ukely be unable to tell. The answer he will ffiye will 
probably be, tliat he has divided 48 by 6 ; and no one of his class 
will probably have a better answer to offer. If he says he has 
divided 48 thousand, he is still wrong ; for he has divided only 42 
thousand, leaving one thousand undivided. 

In some of the examples given in this section, the large num- 
bers may be separated m different ways preparatory to division. 
Thus, in the last example, 92,648 may be divided 80,000, 12,000, 
600, 48 ; or 88,000, 4000, 640, 8, and m still other ways. 

Pupils should be encouraeed to exhibit more methods than one 
fbr obtaining the answer. If a scholar has two methods he should 
be allowed to give them both, and if another has a different one 
stall, it should m brought forward, and the most lucid and easy one 
should raceiva the commendatba of the teacher. 
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PART SECOND: 



RULES AND EXAMPLES FOB FRACnCE 



WJtn?TEN ARITHMETIC. 



NtMERATION OF WHOU! HU1IBBR3. 

Ik common Arithmetic there are 9 flgurea ased for the ex- 
preasioa of DumberB. l,one; 2, two; 8) three; 4, four | 5» 
five; G, six; 7, seven; 8, eight; 9, nine. When one of these 
figures stands alone, it signifies so tnaaj units, or ones ; whea 
two figures stand aide by side, the left hand figure signifiea so 
numr tens ; when three stand side bj side, the left haqd figure 
rigmfies so many hundreds ; and uniTersaUy, as you advance 
to the left, the figures increase in value toifold at each step, 
as iviU be seen in the table on the next page. 

The right band place is always th^ ik units. When then 
■re tens, and no uniu, a cipher, 0, must stand in the unit'a 
place, thus, 20 ; this merely serres to occupy the unit's place, 
and shows that the figure, 2, is in the place of t«n& When there 
are hundreds, and no tens nor units, two ciphers are wanted ; 
one in the unit's place, and one In the place of tens ; as, SOO ; 
and BO of all higher numbers. 

To annex a cipher to a figure, therefore, is tlie same »b to 
mnlliply the number by ten, for it removes the figure from 
the nnit's place to the place of tens. To annex two dpheni 
is dte same as to multiply the number by a hundred, for it 
« th« Sgnre fnm the inut's jAmoe tn that of hu^-edr 
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TABLE OF NUMESATIOV. 



2 
2 



8 
5 

6 

4 



1 

4 
9 



2 
2 
2 



9 
2 



9 
4 
6 
1 



2 
2 



7 

7 



7 
5 
4 

6 
7 
7 
4 
2 
7 



2 
2 



4 
8 

6 
8 



9 
8 
8 
8 
3 
5 
6 
1 
5 



9 

I 



8 
6 
8 
4 
6 

6 
7 
8 
6 
9 
2 
6 
2 
5 
6 



! 



2 
4 
3 

4 
3 



4 
5 
4 
6 
7 
9 
8 
3 



2 
2 
2 



2 

6 



8 
3 



6 
8 
1 
3 
4 
7 






2 
2 



2 

7 



2 
2 

4 
6 

7 
1 

4 
8 
6 
9 

8 



! 



2 



2 



2 
3 



3 

1 

1 
2 
3 
1 
1 
7 
1 
1 
5 



two. 

two tens, thftt Ui twenty. 

two hundred. 

enumerate. 

eaumerate. ; 

( two tens of thouaanda, 
\ that is, twenty thousand. 

two hundred thousand. 

enomerate. 

twentj-two million. 

enumerate. 

enumerate. > 



In writing numberSy every plaee not oocnpied by a iiffiire 
jDos^ be occupied by a dphet*, otherwise the true value of the 
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flgares at the left hand of that place woald not be preaerved. 
Thus, if 7on wish to write in flgnrei the number, three hun- 
dred and four, as there are no tena, a cipher must stand in the 
place of tens, 304. Should yoa omit the cipher, and write 84, 
the 3 would have slid into the ten's place, and it would not 
express three hundred and four. 

As in advancing to the lefi, figures increase (heir valos 
tenfold at each step, so if you begin at any place in a line of 
figures, and move towards the right, the ^ures will diminish 
in value tenfold at each step. That is, each figure will oig- 
nify but a tenth part of what it would, if it stood in the next 
left hand place. This will prepare you to look at the 

NXniERATIOK OP DECOIALS. 
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2 two, and two tenths. 


4 


2 5 1 four, Knd two tenth!, mnd flvi 
1 JinBd™dtii!,orS5hnDd™dth.. 
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-2 2 ( twenty-two and twenty- 
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7 14 enumerate. 
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222 




2223 
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22 




547 




43 




8 9 7 
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SECTION I. 



ADDITIOK. 
Additioh is the nnitiiig of seyenil sorns into one, to show 



S^. Set down the numbers, units under units, tens under 
tens, and so on. Add the cohitnn of units, set down the units 
of liie amount and carry the tens, if there are an j, to the 
column of tens ; add the column of tens, and set down the unit 
figure of the amount, carrying the figure of tens to the next 
oolunm ; and so on* In adding the last oolnmn set down the 
whole amount 

To prove the work, repeat the operation, beginning at ^ 
top and adding downwards. 



1. 472+842. 
-421- 



2. 376 

8. 431+843 

4. 821 

5. 267 

6. 834+682 



JExample9. 

14. 6342+1896+4741+8962. 

15. 8249+856+8007+4990. 

16. 8819+42+906+1728. 

17. 1645+2718+92+1807. 

18. 1543+1899+3054+26. 

19. 1854+1962+2168+666. 

20. 1062+6300+9071+7001. 

21. 2593+1801+9201+2113. 

22. 9064+21 18+1802+3076. 

23. 1001+9016+7990+26. 

24. lOG+2307+9436+108. 

25. 1214+6408+7113+4009. 



-645. 

■794. 

954+359. 

549+121. 

•762. 

. 7. 468+912+^88. 

8. 871+934+840. 

9. 516+617+718. 

10. 685+937+742. 

11. 840+981+672. 

12. 963+847+784. 
18. 421+317+844. 

2f$. In 1840, the population of the New England States 
was as follows: Maine, 501,793 ; New Hampshire, 284,574; 
Vermont, 291,948; Massachusetts, 787,699; Comiecticut, 
809,978 ; Rhode Iskind, 108,850. What was the population 
of all the New England States ? 

27. The population of the Middle States, in }840, was as 
follows : New York, 2,428,921 ; New Jersey, 873,806 ; Peniv- 
sylvania, 1,724,033 ; Delaware, 78,085 ; Idbiryland, 469,232 ; 
Virginia, 1,239,797. What was the total population of the 
Middle States ? 



28. The popnUtion of the Southern Slates, in 1840, was : 
North Carolina, 758,419 ; fim± Candioa, fi94,S9B ; G«oi^ 
£91,392 ; Alabama, 590,756 ; Tennessee, 829,210 ; MisaUeippi, 
375,651 ; Arkaneas, 97,574 ; LoaisiaDa, 353,411. What iraa 
the total popuIadoB of these States ? 

29. In 1840, the population of the Western States was a* 
follows : Ohio, 1,519,467 j Indiana, 685,866 ; Illinois, 476,183 ; 
Michigan, 212,267; Kentucky, 777,828 ; Missouri, 383,702. 
What was the total population of these States ? 

30. What is the total population of all the' United States, 
•B Mt down in die four preceding examples ? 

Whenever, in adding a column, two figures occur tt^tlwr, 
which amount to 10, as 8 and 2, 7 and 3, take them both to- 
gether and call them 10. This will make the addition more 
rapid and easy. 

When jou have become familiar with the operations in ad- 
dition, you may occasionally vaiT your melbod, by takii^ two 
columns of figures at a time. If you have been thorough in 
the mental part of this work, you will be able to do this. It 
will furnish an agreeable variation in your method of work, 
snd greatly increase your power of rapid calculation. 

31. This method is seen in the following example : 

42 and 81 are 123, and 24 are 147; set down f 3124 
the 47, and carry the 1 hundred to Uie column J ^^^ 
of hundreds ; 50 and 76 are 126, and 31 are \ ^^ 
187. L 1B747 

It will be well oi^n to adopt this as your mefhed of proof. 
After performing the work by taking one cd,umn at a time, 
prove it by taking two columns ; or pei^mn it first in the latter 
way, and prove it in Uie other. 

32. 1467-(-894-|-1721-|-639«. 

88. 9461+8134+2016+4317. 

84. 84161+9632+78167+43180. 

85. 109761+20671+437674+963. 

: 86. 2 W3 1+184097+467134+84821. 
87. 43126+91434+237210+127. 
98. 1235467+1096+34271+4081. 

89. 10467+31762+10921+9684. 
40. 87 1 93+10634+206721+104367. 

■ 11 
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SECTION II. 



SUBTRACTION. 

8uBTRikCTiON is the taking of a smaller nmnber from a 
larger, to show the difference. The smaller number is called 
the minuend ; the larger, the subtrahend ; the difference is 
called the remainder. 

Bule. Set down the numbers, the larger number upper- 
most, units under units, tens under tens. Subtract the units 
of the lower number from the unit figure above, and set down 
the difference. Proceed in the same waj, with the tens and 
higher orders, to the close. If, in any case, the figure of the 
minuend is less than the figure below it, increase it by ten, by 
borrowing one from the next higher figure of the minuend, 
Temembering at the next step, that the figure in the minuend, 
has already been diminished by 1. 

To prove the work, add the remainder and the subtrahend 
together, and, if the work is correct, the sum will agree with 
the minuend. 

JSbximplea. 

14. 8990—7096. 



1. 748—865. 

2. 674—582. 
8. 849—634. 

4. 347—267. 

5. 431—249. 

6. 867—^12. 

7. 419—224. 

8. 519—499. 

9. 318—201. 

10. 856—106. 

11. 3416—2999. 

12. 4162—4091. 

13. 7089—3007. 



15. 8243—6492. 

16. 784—96. 

17. 210—100. 

18. 681—504. 

19. 901—75. 

20. 16432—14968. 

21. 195864—137461. 

22. 228476—13962. 

23. 740016—116799. 

24. 86400—199. 

25. 10006—4364. 



26. America was discovered in 1492 ; Plymouth was settled 
In 1620 ; how long was that after the discovery of America? 

27. The Independence of the United States was declared 
in 1776 ; how long was that after the settlement of Plymouth ? 

28. George Washington was bom in 1732 ; he took com- 
mand of the American armies in 1776 ; how old was he then ? 

29. Gen. Washington became President of the United 
StMtea in 1789 ; how old was ke then? 
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30. In 1820, the population of Maine was 298,335 ; in 1830 
it was 399,955 ; what was the increase in 10 years ? 

31. The population of Maine in 1840, was 501,973 ; what 
was the increase from 1830 to 1840 ? 

32. The population of Massachusett^in 1810, was 472,040, 
in 1820, 523,487 ; how much had it increased from 1810 to 
1820? 

33. The population of Massachusetts in 1830, was 610,408 ; 
how much had it increased from 1820 to 1830 ? 

34. In 1840, the popula^on of Massachusetts was 737,699; 
how much had it increased from 1830 to 1840 ? . 

35. The population of the State of New Yoik in 1810, wm 
959,949 ; in 1820, it was 1,372,812 ; what was the gain ? 

36. The population of New York in 1830, was 1,918^608 ; 
what was the gain from 1820 to 1830 ? 

37. In 1840, it was 2,428,921 ; what was the gain from 
1830 to 1840 ? 

38. The population of Ohio in 1810, was 230,760 ; i» 1620 
it was 581,434 ; what was the gain from 18.10 to 1820 ? 

39. In 1830, the population of Ohio was 937,903 ; what wm 
the increase from 1820 to 1830 ? i 

40. In 1840, the population of Ohio was 1,519,467 ; vbat 
was the increase from 1830 to 1840 ? 

Another method of performing suhtraction, often more con- 
venient than the former, is the following : 

Regard the subtrahend as a round number, one greater than 
the figure of its highest order ; that is, if the subtrahend is 43, 
call it 50 ; if 251, c«U it 300 ; subtract this round number from 
the minuend, and thcoi to the. romainder add the complement 
required to make up the subtrahend to the romid number ; as 
follows : 

41. 674—381 i 400 from.674 leaves 274 ; add 19, the com- 
plement of 381 ; 274+19=393, ans. 

Applj this method to example 11 abore. 

42. 3416—2999 ; the first remainder you see is 416, and 
the complement is 1. Ans. 417. 

This example shows how much shorter the work often be- 
comes by adopting this method. 

One of the above methods may be used as a proof of the other. 



43: 384—219. 
44. 1260—984. 



45. 1679—291. 

46. 2496—954. 
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SECTION III. 



MULTIPUCATION. 

In multiplication a nnmber is repeated a certain number of 
times, and the result thus obtained is called the Product. 

Set down the smaller factor under the kttger, units under 
iteits^ tens under tens. Begin with the unit figure of the 
multiplier ; multiply by it, first, the units of the multif^icandy 
i«tting down the units of the product, and reserving the tens 
to be added to the nest product Proceed thus through aH 
the figures t^ the multiplicand. If there are more ^ures 
than one in the multiplier, tid^e, ne:xt, the tens, and muMphf 
Ate fi^mres of the muH^dind as before, setting the figures of 
the product one degree farther to the Idfl than before. 
' Add tiie several jpartial products, and the amount wi& be 

the whole product. 

Ik • ■• . . 

JSacampiei. 



i . 



KtL Thus, 


843 




64 




1368 




2052 




21888 AniL 


2. 846X34. 


17. 9642X8(4. 


«. 4^7»X82* 


18. €721X817. 


4. 976X38. 


19. 1841X134. 


b. 826X^1. 


20. 13768X26. 


6. 376X121. 


21. 97628X318. 


7. 345X248. 


22. 1172671 X2K. 


8^ 798X114. 


28. 1874215X841. 


9. 6181X35. 


24 742634X912. 


10. 6821X82. 


25. 189423X62. 


11. 7413X96. 


26. 14376281X194. 


12. 7921X22. 


27. 17284265X36. 


13. 8964X85. 


28. 671234X427. 


14. 9056X43. 


29. 1895453X28. - 


15. 8007X41. 


30. 3469528X672. 


16. 4559X741. 


81. 906421384X923. 
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35. 443754262X91^ 

36. 1123496113X413. 



82. 713489605X84. 

33. 843469537X906. 

34. 236749024X516. 

87. The average length of the State of Manachnietls h 
150 miles its breadth, 50 miles ; how many square miles does 
itooiitain? 

38. The average lesgUi of Pennsjlvania is 275 miles ; its 
breadth, 165 miles; how many square miles does it contain? 

89. The State of Ohio averages 223 miles in length, 180 In 
breadth ; how many square miles does it contain ? 

40. The State of Illinois averages 245 miles in length, 147 
in breadth ; how many square miles does it contain ? 

41. If there are 365 days in one year, how many days are 
there in 25 years ? 

42. If the wages of a soldier is 8 dollars a month, what wUl 
be the wages of 7867 soldiers for 12 months ? 

43. There are 320 rods in 1 mile ; how m^ny rods are there 
19 278 miles? 

PROOF OF MULTIPLICATION. 

Multiplication may be proved by casting out the 9*s. Se4 
Part First, page 52. 

MsthocL 

Add the figures that express the multiplier; divide the sola 
by 9, calling your remainder, if any, the 1st rem* Do the 
same by the multiplicand, calling the rem. the 2d rem. ; mul- 
tiply the 1st and 2d remainders, and cast the 9's oat of the 
product in the same way as before, calling your rem. the 8d 
rem. ; lastly, cast the 9's out of the product of the sum ; and 
call the rem. the 4th rem. If the 3d and 4th rem. are equal 
the work is right 

The following example shows this method of proof. 

44. 741 1st rem. 3. 

84 2d rem. 3; 3x3«>s9, therefore 



2964 
5928 dd rem. 0. 



62214 4th rem. 0. The work, therefore, is right. 



IK! ©ffisxoir, 

45. 1S64SX891 

46. 24673^1X9210. 

47. 946784X496. 

.Wken the multiplier is a composite number, jou may muU 
tiply first, by one ^ its factors, and the product thus obtained 
by the other. 

If the innltipUer is 10, add a cipher to the multiplicand; 
if 100, add two ciphers, and so for higher powers of 10. 

If the multiplier consist of 96, you may add to the mul- 
tiplicand, as many ciphers as there are 9s in the multiplier,, 
and then subtract the multiplicand from the product. The 
remainder will be the true product ; for by adding the ciphers, 
you multiplied by a number greater by one, than the millti- 
plier. The multiplicand, therefore, will be found in the pro- 
duet onee too many times. It must be subtracted. 

48. 3246X99. 

49. 18672X999. 



SECTION IV. 

DIVISION. 

In Division, two numbers are given, in order to find how 
many times one contains the other ; or, in order to separate one 
number into as many equal parts as there are units in the other. 

TWnumbelr t6 be divided is the dividend; the number it 
is divided by is the divkor ; the answer is the quotient 

To perform the operation, set down the divisor at the left 
of the dividend. Take as many figures on the left of the 
dividend as will contain the divisor one or more times. See 
how many times the divisor is contained in these figures, and 
set tdown the number as the first figure of the quotient. 
Multiply the divisor by the quotient figure, and subtract the 
product froni ihe number taken. To the remainder bring 
down another figure of the dividend, and proceed lis biefore. - 

1. 18276-r-122;thus, 122)13276(108 quotient 

122 

1076 
976 



To prore the work, mnltiplf tke divisor and the quotient 
together, and add the remauder, if there be an;, and tba 
amount, if the woit be right, will be equal to the dlvidendt 

ThDS in the above example, 122 
108 



100 

13276 

11. S059H-214. 

12. 700601 -r-34. 

13. 643817-M50. 
U. 300796^-145. 

15. 3264291-r-27. 

16. 18947633-^181. 

17. 384628910-f-26. 

18. 137900^62. 

19. S946908-r-172. 



2. 11764-^-34. 
8. 47478-r^2. 

4. 87088-^38. 

5. 75116-^91. 

6. 45496^121. 

7. 83835-^243. 

8. 90972-!-114. 

9. 89743-^17. 
10. 7426831-^141. 

80. A man divided 35,785 dcdlars equally among five chil- 
dren ; how much did each receive ? 

21. Id one barrel of flour there are 196 lbs. ; how man]> 
barrels of flour are therein 13,916 Iba. 7 

22. In 1840 the population of Maine iraa 501,798 ; the 
State contained then 30,000 sq. miles ; how many inhabitanla 
were there on an average to a eq. mile ? 

23. The State of MassBchusetta contained, in 1840, 787,'699 
inhahitanta ; its temtorj ia 7500 square miles ; how man; 
inhabitanta are there to a square mile ? 

24. The population of Ohio m 1840 was 1,519,467 ; IM 
territoi; is 40,000 square miles ; how man; inh^itanbi to 
« aq. nule? 

It the divisor is less tiian 1 2 the mnltiplication and subtrac- 
tion ma; be carried on in the mind, and onl; the quotient set 
down. This nta; moat convenient!; be written directl; under 
the dividend. 

25. 7846-i-3. Operation, 3)7846 



K&96438(^fA 



26154-1 Bern. 



1^ . DiYxnonu 



27. 846218-r-7. 

28. 214681-7-9. 

29. 684219-7-8. 
80. 9640279^4. 



31. 146710063-T*6. 

32. 1143762S-11. 

33. 1964217-M2. 

34. 4691382-r4. 



It is well to adopt the method of short divisioa sometimes^ 
when the divisor is larger than 12. 



85. 33467-M5. 

36. 46948-5-15. 

37. 81743-5-16. 



38. 91674-5-21. 

39. 673845-7-22. 



MisceUaneaus ExampUi an the foregoing Rulee* 

1. A merchant began to trade with 4325 dollars ; he gained 
in one year 784 dollars ; what was he then worth ? 

2. A man's income is 948 dollars a year ; his expenses are 
762 dollars ; how much does he save of his income in one 
year? 

3. How much will he save in 9 years ? 

4. A man bequeathed his property, 3882 dollars, one third 
to his wife, and the remainder in equal shares to his four 
children ; what was each child's share. 

5. A merchant buys 643 barrels of flour, at 5 doUm^ a 
barrel; he pays in addition — for freight, 65 dollars, for insur- 
anoey 17 dollars ; what does the whole cost him then ? What 
does each barrel cost him ? 

6. A drover bought 7 oxen for 46 dollars a head, 12 cows 
for 82 dollars a head, 96 sheep for 8 dollars a head ; how 
much did they all come to ? 

7. A dmver buys 48 head of cattle at 82 dollars a head ; 
the whole expense of driving them to market and selling them 
is 72 dollars ; he sells them for 88 dollars a head ; what does 
he gain ? 

8. A laborer receives 16 dollars for every four weeks' 
labor ; he works 48 weeks ; what will his earnings amount to? 

9. A man buys 7 tons of hay in the field for 18 dollars a 
ton ; the cost of carrying it sdl to market is 48 dollars ; he 
sells it for 15 dollars a ton; does he gain or lose, and how 
much ? 

10. A man receives a salary of 950 dollars ; he spends for 
groceries 154 dollars, for milk 21 dollars, for meat 75 dollars ; 
for wood 67 dollars, for clothing 184 dollars, for horse hire 
9% dolkrsy for joomeying 93 dollars, for repairf ^9 dollars^ 
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for hired help 182 dollars, for atteirianoe of the physioiaii 
26 dollars, for furniture. 51 dollars, for houseHPent 184 dollars, 
and 86 dollars ia charity and other incidental expenses ; has 
he spent more than his salary, or less, and how much ? 



SECTION V. 

BEDUOTION. 

The object in Reduction is to change a quaatitj, in ene 
denomination, to another, which shall have the same value. 
See Sec YL, Part I. Higher denominations are reduced to 
lower by multiplication. 

1. Reduce 3 yds. to feet 

2. Reduce 42 yds. to feet 
8. Reduce 4 feet to inches. 
4» Reduce 17 feet to inches. 

5. Reduce 182 feet to inches. 

6. Reduce 16 yds. to inches. 

7. Reduce 21 yds. to inches. 

8. In 112 feet 7 inches, how many inches? 

9. In 165 feet 4 inches, how many inches? 

10. In 5 yds., 2 feet, 9 inches, how many inches ? 

11. In 24 rods, how many feet ? 

12. In 87 rods, how many feet? 
18. In 567 rods, how many inches ? 

14. In 7 rods,* 4 feet, how many feet? 

15. In 81 rods, 2 feet, 6 inches, how many inches ? 

16. In 13l£ how many shillings? 

17. Reduce 781£ to shillings. 

18. Reduce 758£ to shillings. 
19^ Reduce 19 shillings to pence. 

20. Reduce 7£ 11 shillings to pence. 

21. Reduce 141£ 16 shillings, 4 pence, to pence* 

22. Reduce 4£ 7 shillings, 8 pence, to farthings. 
28. Reduce 14 lbs. 8 oz. Av. to oz. 

34. Reduce 8 qrs. 9 lbs. 13 oz. to oz. 
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25. Reduce 44 cwt 8 qrs. 19 lbs. to lbs. 

26. Bednce 18 T. 12 cwt 2 qre. to lbs. 

27. Reduce 3 lbs. 6 oz. 17 dwt. Troy, to dwt. 

28. Reduce 18 Hm. 2 oz. 14 dwt to dwt 

29. Reduce 4 oz. 16 dwt to grs. 

80. Reduce 6 lb. 7 oz. 9 dwt 4 grs. to gn. 

81. Reduce 27 gallons, wine measure, to pints. 

82. Reduce 7 hhd. 18 galls. 2 qts. to qts. 
dS, Reduce 1 hhd. to gills. 

84. Reduce 174 bushels to qts. 

85. Reduce 78 bushels to pints. 

86. Reduce 281 bushels to qts. 

87. In 18 sq. f^et, how many sq. inches ? 

88. In 84 sq. rods, how many sq. feet? 

89. Reduce 18 sq. rods to inches. 

40. Reduce 8 R. 17 rods, to feet 

41. Reduce 5 A. 2 R. 14 rods, to feet 

42. Reduce 17 solid feet to indies. 

48. Reduce 19 sq. yds. 14 feet, to inches. 

44. Reduce 24 sq. yds. 8 feet, 504 inches, to inches. 

45. Reduce 6 cords, 18 sq. feet, to feet 

46. Reduce 27 cords, 28 sq. feet, to feet 

47. Reduce 45 cords, 18 sq. feet, to feet 

48. In 75 E. £. of doth, how many qrs. ? 

49. Reduce 78 yds. 3 qrs. to qrs. 

50. Reduce 194 yds. 4 qr. to nails. 

51. Reduce 11 yds. 3 qrs. 2 nails, to inches. 

52. Reduce 174 E. Fr. to nails. 

58. Reduce 4 m. 5 fur. 13 rods, to feet 

54. Reduce 17 m. 6 fur. 20 rods, 8 feet, to inches. 

55. Reduce 2l£ 17s. 3d. to pence. 

56. Reduce 24£ to sixpences. 

57. Reduce 95£ 8s. to sixpences. 

58. Reduce 45£ 5s. to threepences. 

59. Reduce 84£ to fourpences. 

60. In 1 cwt 8 qrs., how many times 7 lbs. ? 

61. In 8 bis. of flour at 7 qrs. each, how many parcels of 
141b. each? 

62. In 18 bis. of cider, at 31^ galls, each, how many timef 
8 gallons? 

68. In a town 5 miles wide, and 6 long, how many acres ? 
64. How many acres in 7500 sq. miles ? 
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SECTION VL 

REDUCTION. 

Lower denominatiom are reduced to higher hj DhriiKMk 

Examples. 

1. In 348 shillings how manj £ ? 

2. Reduce 5000 shillings to £. 
8. Reduce 13680 shillings to £. 

4. Reduce 11040 pence to £. 

5. Reduce 11292 pence to £. 

6. Reduce 20220 pence to £. 

7. Reduce 1405 pence to £. 

8. In 678 sixpences how manj £. 

9. Reduce 549 threepences to £. 

10. Reduce 974 threepences to shillinga. 

11. Reduce 1776 hours to days. 

12. Reduce 13841 hours to days. 

Id. Reduce 1964210 minutes to days. 

14. Reduce 3742196 seconds to hours. 

15. Reduce 964 gills to gallons. 

16. Reduce 84672 gills to siOlons. 

17. Reduce 6794 gallons of wine to bis. 

18. Reduce 3469 qts. to pecks. 

19. Reduce 96431 pints to bushels. 

20. Reduce 3846 qto. to bushels. 

21. Reduce 5674 rods to furlongs. 

22. Reduce 38961 rods to miles. 
28. Reduce 76381 feet to rods. 

24 Reduce 7960 inches to rods. \ 

25. Reduce 7126734 inches to miles. 

26. How many steps of 2 J feet each, are there in 1 mile ? 

27. A man walks 30 miles ; how many steps does he take, 
2| feet each ? 

28. Reduce 179 lb. av. to cwt 

29. Reduce 413 lb. to cwt. 

80. Reduce 1048 oz. to quarters. 

81. Reduce 4352 drams to lb. 

82. Reduce 6130 oz. to cwt 

83. Reduce 1280 dwt, Troy, to lbs. 
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84. Bedaoe 1511 dwt to Ibe. 

85. Reduce 17812 gi^ to Ibd. 

86. Reduce 720 sq. inches to sq. feet 

87. Reduce 1029 feet to yds. 

88. Reduce 2203 inches to yds. 
89» Reduce 8267 feet to rods. 

40. Reduce 5681 feet to rods. 

41. Reduce 86 solid feet to yds. 

42. Reduce 191934 solid inches to feet 
48. Reducer 2833 solid inches to feet 

44. Reduce 876 solid feet to yds. 

45. Reduce 2293 solid inches to yds. 

46. In 92 qrs. cloth, how many E. £ ? 

47. Reduce 361 nails to qrs. 

48. Reduce 467 nails to yds. 

49. Reduce 3,741 inches to £. £. 

50. Reduce 467 yds. to E. E. 

51. In 27 acres, 2 roods, 17 rods, how many lots of 82 rods 
each? 

52. How many times does a carriage wheel 11]^ feet in 
circumference, go round in one mile ? 

58. In 85 tons weight, how many wagon loads of 22 
cwt each? 

54. In 186£ 12s., how many guineas of 28 shillings each? 

55. In 75 yds. how many E. £ ? 

56. How many cannon bails at 24 lbs. each, will it take to 
weigh 1 ton gross weight? 

57. How many times must you apply a pole 12 feet long^ 
to the ground, to measure 1 mile ? 

58. How many 10 gallon kegs may be filled from 17 hhi^ 
wine measure ? 



SECTION VII. 

COMPOUND ADDITION. 

When numbers are used without being applied to any par- 
ticular kind of quantity, as 67, 84, they are called Abstract 
Numbers ; when they are applied to some particular quantity, 
MB 67 yardsy they are called Denominate Numbers. 



COMPOT7KD Al>DmON. 1S8 

When Eivrettl itaniberft 6f- different dignotninatioiifl are to 
be added, as d£ 7s.-|-7£ 4s^ it is called Compound Addition. 



1. 8£ 14s. 9d-f-14£ lis. 6d. 



Opcrttioa. 

£ B. d« 
8 14 9 
14 11 6 

18 6 8 Ans. 



Set down numbers of tbe same denomination ander each 
other. Add first the numbers of the lowest d^iominatioti ; 
if the sum amounts to more than one of the next higher, set 
down what is over, and carry the number of the higher to 
the next column. So proceed through the whole; ia adding 
the last column set down the whole amount. 

2. 5£ 15s. 4d.+14£ 17s.-lld^2£ 6s. 5d. 

3. 18£ 148. 6d. 2qr.+65£ 17s. lOd. Iqr. 

4. 48£ 16s.+73£ ie8.+91£ 168.-fl«£ 17s. 
6. 17s. 8d.+158. 7d. 2qr.-f-148. Od. 2qr. 

6. Troy weight. 12 lbs. 1 oz. 16 dwt 14 grs.^^ dwt 17 grs. 

7. 17 lbs. 2 oz. 16 dwt 5 gr.4-6 lbs. 14 dwt. 17 grs. 

. a 21 lbs. OS. dwt 8 grs.+19 dwt 19 gr3.+18 difrt 

9. 21 lbs. 3 oz. 16 dwt 15 gr8.-^4 lb. 4 os. 17 dwt 18 grs.^ 

10. Av. wt gross. 3 cwt qr. 17 lb. 14 o«.-(-12 cwt 
8 qrs. 18 lbs. 12 oz. 

11. 1 T. 14 cwt 3 qrs. 17 lb.+3 T. 17 cwt 1 qrs. 21 lbs. 

12. 3 T. 16 cwt 1 qr. 20 lbs. 6 oz.+d ewt 8 qrs. 19 1Imi» 
13 oz. 

13. 14 cwt 1 qr. 20 lbs.-j-18 cwt 1 qr. 16 lbs.4-17 cwt 
1 qr. 11 lbs. 

14. 1 m. 3 fur. 17 r. 6 ft.4-3 m. 5 fur. 36 r. 12 ft 

15. 65 m. 7 fur. 31 r.+18 m. 19 fur. 23 r.+l9 m. 4 fur. 
17 r. 

. 16. 5 r. 15 ft+27 r. 14 ft.+16 r. 11 fl.+21 r. 12 tU 

17. 15 r. 9 ft 6 in.+17 r. 3 ft 4 in.+25 r. 15 ft 11 in.. 

18. 3 fur. 17 r. 4 ft 5 in.-4-5 fur. 16 r. 14 ft. 9 in. 

19. 7 fur. 16 r. 8 ft. 2 in.-f6 fur. 34 r. 12 ft 10 in. 

fta 18 m. 7 fur. 31 r.4-6 m. 8 fur. 22 r.+ll m. 5 fur. 8 r. 

21. Square measure. 2 A. 8 R. 6 p.-|-15 A. 1 R. 17 p. 

22. 16 A. 2 R. 21 p.+8 A. 8 R. 88 p.-f 9 A. 2 R. 9 |^ 

12 
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23. 2 B. 15p. e3& 29 iiL+l B. i7 p. Sljiu^^p; 18 
inches. 

24 18 p. 45 ft. 18 in.+19 p. 3 ft. 23 m.lf 17 p. 64 fl^ 71 
inches. 

25. Solid measure, 3 yds. 17 ft. 126 in.-|-4 yds. 23 ft. 64 in. 

26. 19 yards, 3 feet, 61 inches-f 2 yards, 26 feet, 1650 
inches-f-4 yards, 18 feet, 91 inches. . • 

27. 16 ^ds. 3 qts. 1 pt.4-84 gals. 2 qts. 1 pt. 

28. 13 bushels, 3 pks. 4 qts.-p76 bushels, 3 pks. 5^ qts. 

29. 19 btt. 1 pk.-f 76 bu. 3 pks.-f 18 bu. 2 pks. 
SO. 14 yds. 3 qrs. 1 n.-f'21 yds. 2 qrs. 3 n. 

81. 3 days, 16 hours, 23 minutes-|-17 days, 13 h. 51 m. 

82. 1 year, 11 weeks, 4 days-f-S y. 14 w. 2 d. 

83. 7 deg. 14 min. 34 8ec4-19 deg. 20' 30^. 

84. 21 deg. 7' 11"4-14 deg. 18' 19". 
. 85. 61 deg. 26' 14"+34 deg. 1' 8". 



SECTION VIII. 

COMPOUND 8UBTRA0TIO1I. 

Compound Subtsaotion is the sabtmction of noiiDiberi 
of diffsrent denominations. 

• BuU, Set numbers of the same denomination under each 
other. Begin at the right hand, setting down the remainder 
foond by «ttbtfaction, under its own denomination. If, in any 
case, the minuend is less than the subtrahend, borrow, one 
from the next higher denomination of the minuend. 

.1. J5£ 8a. 9d.— 11£ lis, 4d, 

2. 22X 198. 8d.— 18£ 15s. 9d. 

3. 13£ 4s. 6d.— 9£ 15s. lOd. 

4. 18 bushels, 3 pecks, 4 quarts, — 16 bushels, 2 pks. 5 qts. 

5. 44 bushels, 1 peck, 3 quarts, — ^20 bushels, 2 pks. 6 qts. 

6. 4 years, 3 months,* 14 days, — 2 years, 4 months, 18 d. 

* Allow 30 days to a noatli. 



Opefatton. 


£ 


s. 


d. 


15 


8 


9 


11 


11 


4 


3 


17 


5Ans. 



7« M jean» 8 aQoths, 5 di^6, — l^jrean, 11 jDooiliiy 8 daija, 
. & 18 gaUoQSy 3 quarts, 1 pint, — 10 gallodsy 1 quarty 1 p&ntu 

9. 14 gallons, 1 quart, — 2 quarts, 1 pint 

10. 4 miles, 3 furlongs, 17 rodsr-^ miles, 4 furlongs, 21 rods. 

11. 19 miles, 7 furlongs, 11' rods, — 9 miles, 6 furlongs, 13 r. 

12. 5 cwt. 3 quarters, 14 pounds,— -4 ewt 1 quarter, 20 lbs. 

13. 12 cwi 2 qrs. 21 lb.,— 9 cwt. 3 qrs. 23 lbs. 

14. The battle of Bunker Hill was on June 17, 1775 ; the 
biifle.of liong Island, August 27, 1776 ; what was the length 
of time between them ? 

15. The battle of the Brandjwine was September 11, 1777 ; 
how long was that afler the battle of Long Island ? 

16. The battle of Monmouth was June 28, 1778 ; how long 
was that after the battle of the Brandywine ? 

17. The army of Burgoyne was captured October 17, 1777 ; 
that of ComwaUis, October 9, 1781 ; how long between these 
events?' 

18. If I give a note on interest, June 5, 1839, and pay it 
March 10, 1841, for how long a time must the interest be cast? 

19. If I give a note on interest, August 17, 1841, and pay i|; 
June 9, 1843, for what time must the interest be cast? 

20. How long is it from Dec. 17, 1843, to June 6, 1844? , 

21. How long from September 9, 1842, to Aug. 3, 1844? 

22. How long from January 16, 1840, to July 17, 1843? 

23. How long from Nov. 14, 1841, to August 21, 1844? 

24. Boston is in longitude 71° 4' W.; New York, 74^ 1'; 
what is the difference of longitude ? 

25. Cincinnati is in longitude 84^ 27' ; how many degrees 
W. from Boston ? 

26. How many degrees of longitude is Cincinnati west from 
New York? 

27. How many degrees of longitude is Cincinnati west from 
Philadelphia, whose longitude ia 75*' 1 1' ? 



SECTION IX. 

COMPOUND MULTIPLICATION. 

Multiply, fix^t, the lowest detiomination ; if the product 
MMfaitt to moM than one of the next higher, set down whai 



•ItB eoMvovid) mT9mcm: 

k ov>er, and earrj Hie namber of the m&xt higher to4bm next 
proivtci, ^vdtipty the next deaomiiuitioB in the senie wajy 
and 80 on. 



1. d T. 7 cwt 3 qr. mniaplied by 7. T. ewtipr. 

2. Multiply 4£ 5s. 6d. by 2. 1*^7 
8. 6£ 48. 3d. lqr.X3. ^^ . . , ^ 

4. 6 hours, 43 min. 15 8ecx4. I ^ ^* ^ ^^ 

5. 9h. 11m. 41 8ecX6. 

6. 14 d^ys, 17 hours, 15 minutes, 8 seconds XB. 

7. 8 bushels, 3 pecks, 1 quart X 16. 

8. 15 bushels, 2 pecks, 3 quarts, 1 pint X 12. 
. 9. 19 bushels, 1 peck, 2 quarts X 5. 

10. 1 mile, 5 furlongs, 13 rods, 12 feetX2. 

11. 13 miles, 2 furlongs, 4 rods, 6 feet, 3 inchesXB. 

12. 2 cwt 3 qrs. 16 lbs.X7. 

18. 14 cwt 3 qrs. 14 lb8.X4. 

14. What is the weight of 12 casks of lime, each weighit% 
8 cwt 1 qr. 17 lbs.? 

15. How many yards in 9 pieces of calico, eadi measuring 
28 yards, 3 qrs. ? 

16. Troy weight 6 lbs. 11 oz. 5 dwtX7. 

17. 9 lbs. 8 oz. 16 dwt 4 grs.X9. 

18* Square measure. 7 acres, 2 roods, 17 rods X 9. 

19. 15 acres, 1 rood, 34 rodsXl4 



SECTION X. 

COMPOUND DIVISION. 

Divide tbe highest denomination first, and set the quotient 
under it ; reduce the remainder, if any, to the next lower 
denomination, add it to those of the same in the dividend, and 
divide again ; and so on to the end. 

I bu. pk. qt 
1, Divide 7 bu. 3 pks. 5 qts. by 2. *{ 2)7 3 5 

I 8 i3 H 



8. 18£ 128. 9d,-T-3. 

4. 26 hours, 53 minoles-T-4. 

5. 55 hours, 10 minutes, 6 8econds-f-6. 

6. 114 days, 18 hoiu^, minutes, 24 seconds-r-S. 

7. 140 bushels, 2 peeks-Hl6. 

8. 187 bushelsj 1 peck, 2 quarts-f-12. 

9. Seven men are entitled to equal shares of 67£ 13s. 4d. ; 
what is each man's share ? 

10. Three men are to receive equal shares of 114£ IDs. 9d. ; 
what is each man's share ? 

11. What is 1 fourth of 13 lbs. 6 oz. 17 dwt,, Troy? 

12. A teamster has 7 T» 11 owt. 3 qrs. of merchandise, 
which he loads on three wagons, giving an equal load to 
each ; how much was each load ? 

13. If you divide 7 busheb and 3 pecks of oats equally 
among 5 horses, how much will each receive ? 

14. If a piece of land containing 35 acres, 3 roods, 14 rodiy 
be divided into 4 equal ports, how much will each part be ? 



SECTION XL 

MISCELLANEOUS EXAMPLES. 

1. A teamster loads a quantity of merchandise equally on 
8 wagons, putting on each 1 T. 11 cwt. 2 qrs. ; finding these 
loads too heavy, he takes a fourth wagon ; how much must he 
load on each, to divide the whole equally iamong the four ? 

2. A man's estate amounts to 784£ 10s. ; his wife is to 
receive 2l4£ 15s. and the remainder is to be divided equally 
among 4 children ; what will be each child's share ? 

3. Three men have equal shares in a scaffold of hay, die 
whole of which weighs 5 T. 11 cwU ; what is each man's aha^ ? 

For the following examples see p. 40, Part I. 

4. Rome is in longitude 12o 28' £. from London; what 
time is it at Rome when i| is noon in London ? 

5. Petersburg is in longitude 29^ 48' E. ; what tune is it at 
Petersburg wheo it is noon in London? 

J 2* 
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6. Paris is in loDgitude 2<» 20' E. ; what time is it at Paris 
when it is noon in London ? 

7.. Boston is in longitude ll^ifW.; what time ia it in 
Boston when it is noon at London ? 

8. New York is in longitude 74^ 1' W. ; what time is it in 
New York when it is noon at London ? 

9. What time is it in Cincinnati, 84<> 27' W., when it is 
noon in Boston, which is 71® 4' W.? - 



SECTION XII. 

DIVISIBILITT OF ITUMBERS. 

In order to ascertain if a number is diyisible bj either of 
the following numbers, 2, 3, 4, 5, 6, 8, 9, 10, or any combina- 
tion of these, see Sec VIII, Part I. 

To asceilain if a number is divisible by any other number 
than the above, make trial of other prime divisors, as 7, 11, 
13, 17, &c., beginning with the smallest, till you find one -that 
will divide the given number, or find that it is indivisible. 

Remember, that in making trial by these numbers, yon 
need not go higher than the square root of the given number, 
for if a number is divisible, one of the factors will certainly 
be as small as the square root Let us take the number .1079 ; 
what are its prime factors ? By inspection you may see it it 
not divisible by 2, 3, 5, or 11, consequently not by 4, 6, 8, 9, 
10, or 12. On trying it by 7, it is found not divisible by 7 ; the 
next number is 13 ; this divides it, giving a quotient, 83, which 
is prime. Its only factors, therefore, are 13 and 83. 

ExampUi. 

1. What are the prime factors of 667 ? 

2. What are the prime factors of 406 ? 

3. What are the prime factors of 419 ? of 361 ? of 748 ? 
of 281? of 316? 

4. Prime factors of 941 ? 812? 749? 1116? 246? 8104? 
6. Prime factors of 266 ? 884 ? 1917 ? 376 ? 



BkDucnoir or FB^cnon. 
SECTION XIII. 

BEDUCTION OP FBACTI0N8. 



1. Beducc II to ita lowest tenns. Ans. ^ 
i. Reduce }S to its lowest tenns. 
8. Reduce -fi^ to its lowest terms. 

4. Reduce ^g to its lowest termi. 

5. Reduce ^^ to its lowest terms. 

6. Reduce iff to its lowest terms. Id this example it {• 
not evident on inspection whether the two tenns of the Ihi^ 
iioa have any common divisor. In such cases you may adopt 
the following Rule to find 

TSe Greaieit Oomvum Divitor. 
Divide the greater number by the less, aud then take the 
divisor for a new dividend, and divide it by the remainder, 
and so on, till there is no remainder j the last divisor will bs 
the greatest common divisor. 
Apply the above rale to the sixth example. 
187)221(1 
187 

~AA\-nt.-7fK The greatest common dinsor i^ 

170 therefore, 17, and, dividing the terms 

of the fraction by this, we have fiw 

17)34(2 the lowest terms, +i. 

00 

Zfementfra^ton oftht Rule. 
If the larger number is a multiple of the smaller, it ia evi- 
dent that the smaller is a common divisor of the two numbers j 
it ia also the greatest common divisor ; for a number cannot 
be divided by any nnmber greater than itself; the answeiS 
therefore, is found by the first division. But if there is ■ 
remainder, next find whether the remainder will exactly 
divide the divisor. If it will, it will divide both the origiou 
numbers, for if it will divide the divisor, it will divide any 
multiple of the divisor t and, as it will of course divide itsp ~ 
it will divide any multipte of Hut ^vlaoct ^bu Viai^- '^'^I'v 



140 ' THE GIU&4.TEST COXHON DITISOS. 

larger of the original numbers is a certain multiple of the 
smaller, plus the remainder. If^ therefore, after the first 
division, the nemainder will divide the divisor, it is a common 
divisor, or measure, of the two numbers. 

It is also the greatest common divisor ; for, as it wiU ex* 
actly measure the smaller of the two nqmbers, it will iexactlj 
measure any multiple of the smoller. Now the greater num- 
ber, is a certain multiple of the smaller, plus the remainder. 
The remainder, therefore, in measuring the larger number, is 
obliged to measure itself. No number greater than itself can 
do this ; therefore the remainder is the greatest common divi- 
aor. If the work has to be carried on farther than the second 
division, the same reasoning in the demonstration will applj. 

Examples. 

7. What is the greatest common divisor of 874 and 437 ? 

8. What is the greatest common divisor of 497 and 451 ? 

9. What is the greatest common divisor of 817 and 918 ? 

10. What is the greatest common divisor of 1007 and 
1219? 

11. What is the greatest common divisor of 608 and 192 ? 

12. What is the greatest common divisor of 869 and 1343 ? 

When there are more than two numbers, 'first find the 
greatest common divisor of two of them, and then, of that 
^visor, and the third number. 

13. Whi^ is the greatest common divisor of 608, 941 and 
451? 

Whenever it is possible, by inspection, to separate the 
numbers into their prime factors, this method should be 
adopted. 

14. What is the greatest common divisor of 94, 804 and 
12^? 

15. What is the greatest common divisor of 1274, 896 and 
580? 

Apply the above Rales to the reduction of the following 
fractions. 

. 16. Beduce }^ to its Ipwest terms. 

; 17. Beduce to their lowest terms ff ^, i%%, j^ff . 

IB. Beduce to their lowest terms f{}, \%\, \\\. 
' 19. JSedace to their bwest terms ^\, ^7, f f }• 
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JTt rtdtiM ON improptrjraelio» to a wJute or mixtd nmnW. 

Perfbnn the divisioa indicated by the fraction u ikr ai 
psuible ; if them ia a remainder, express that part of the 
diriBion bj pUdog the denominator under the renuunder. 

SO. Reduce ^ to a whole, or mixed number. Aia. l-fg. 

21> Reduce ^ to a whole, or mixed number. Ana. S}. 

52. Bednoe to a whole, or mixed number, V, f f, )f . 

53. Seduce to a whole, or mixed number, Vi f ti W- 
24 Seduce the improper fractions, J,^ i^, ^, i|*. 



SECTION XIT. 

CHASOE OF NUlf&EBS *m> PBAOTIONS TO HiaHES TEBUS. 

It ia (omednes coBTeoient to egress whole niuBbert in th* 
form of fractioBi, and to exfttao fracdotu in higher temu 
without akaring Ibe value. Ttuu a=s4, or V- lO^Vr 
or V- 



1. In i how man^ fifths? Ans. 20. 

2. Express the value of 1 in fifths. Ana. y. 
8. Express 7 in thirds. 

4. Express 19 in the form of sevenths. 

5. In 13 how laaay eighths ? 

6. Express 21 in thirds. 

7. Express 7 in eighteenths. 

8. Express 41 in fourths. 

9. In S^ how manj halves? 

10. Change 4^ to an improper fraction. 

11. Change 17^ to an improper fraction. 

12. Change 24^ to an improper fractioo. 

IS. Change to an improper fraction 18|. IIS^. SI8^ 

14. Change f to eighths, without altering its value. 

15. Change | to fiAeenlhs. 

la Change i to 24ths. ^ to SOths. | to Sdths. 

17. Change fy ta 26ths. ^ to 54thB. ^| to 60tha. 

18. Change } to 7tbB. 

This example presents a difficwUy, becatu« tfaa required 
denominaloB, 7, is not, as in^tbe preceJgig axacn^lM) a mul 



M8 lanrawLiCAJsois akd oirmoN of ifuhxtrtonB. 

ide of ikfi gtTOD denomiiiator, 4. * We hare seen, however, 
that if we multiply or divide both terms of a fracticm by the 
same number, the value will not be altered. We mast then 
multiply and divide both terms by such numbers as will giva 
us, in the end, 7 for the denominator. The question then is, 
how can we, by multiplication and division, change 4 into 7 ? 
We can multiply it by 7, which will give 28, and then divide 
by 4, giving 7 for the quotient. Thus the denominator has 
been changed, by multiplication and division, from 4 to 7. 
Now whatever has been done to the denominator must be done 
to the numerator to preserve the value of the fraction. Multi- 
plying 3 by 7, we have 21 ; dividing this by 4 we have 5 J for 

the required numerntor. The answer, therefore, is ^ This 

fraction, as one of its terms contains a fraction in itadf^ is 
called a complex fraction. 
., 19. Chaiige f to 8ths. f to 9tha. ^ to 7aia. 
I 20. In ^, how many 4ths? how many dths? Gtha ? 
'^21. Change 4| to 5ths. 8^ to llths. 7^ to 4th8. 

22. Change 22^ to 4ths. 18^ to 7ths. 31^ to 5thB. 

23. In 8^, how many Sds? 4th8? 5ths ? 9ths? 

24. In 19^ how many 5ths ? 4ths ? 7ths ? 

25. In 9^ how many 3ds ? 5ths ? 8ths ? 

26. In 13^ how many 14ths? 15ths? 

27. In 8^ how many 17ths ? 13ths ? 

28. In 20i how many 7ths ? 8ths ? 

29. In 16| how many 4ths ? 5ths ? 

30. In ll| how many 37ths ? 19ths ? 



t-'T 



SECTION XV. 

MULTIPLICATION AKD DIVISION OF FBACTIONS- 

CSm 8«ctioii Till. Part 1*3 

1. A man worked 72 days for f of a dollar a day ; what 
did his wages amount to ? 

2. Multiply I by 46. 

3. A man bought 139 bush, of apples for } of a dollar a 
boah.; what did they oome to ? 

4 j&fiiltiply f by 341. f X 127. 
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i. A gnrrisoD of 700 wldieir^ are allowed } of a pouud of 
&>ar a day, foe each man ; how mucli would they conBume in 
1 day ? How much in 7 days ? 

6. If a horse eats -^ of a bush> of oata in a day, how many 
bash, win be eat in S65 daya? 

7. If * horse eats 2 J cwt of hay in a week, what part of a 
cwL will he eat in one day 7 How many cwL will he eat in 
a year? 

8. Three men gun by an adventure 56^ dollars, wliich 
they are to share equally ; what is each roan's share? 

9. What is i of I87i ? What is J. of 91§ ? 

10. AX1*1? AX97? iXHO? 

11. If 3^ cwt. of flour be divided equally into Sequalport^ 
what part of a cwt. will each share be ? 

12. Divide 17^ by 8. STJ by 14. 18^ by 9. 
18. Divide 74i-^. 811H-7. 381H-9- 



SECTION XVI. 

UULTlPLICAnOII AND DIVISION OF FRACTIMIS. 

[3« Section IX. P.rl I.] ■ 

1. In 63 gallons how many bottles of ■^•j of a gal. each P 

2. From 7 Ibe. of ilour how many loaves of bread may be 
made, each containing 3 °f a lb. of flour ? 

3. Divide JH-?. il-H. H^i- 

. 1. A man lefi a84G dollars ; J of the whole to go to hia wife, 
and the remainder to he equally divided among four children; - 
vliat was each child's share ? 

5. From a piece of cloth 33 yds. long, how many coala can 
be made, eacli requiring 2J yds. ? 

6. From a atick of timber 26^ feet long, how many blocki 
can be cut, each -f^ of a foot long ? 

7. If a family oonsu me 22^ lbs. of flour in a week) how 
much is that a day? How much will they use in a year? 

8. Divide 13^-?- 18|-r-lli. 864-^9^. ' 
,9. Multiply 25^X164- 23}X2|. 313X19i. 

A fi-action of a fraction, as ^ of f, is called a Compound 
Fraction. This is reduced to a simple fraction by multiglj- 



iag the nnmeraton together for a new nnmerator, and die de- 
aomiimton for a new denominiitor. It is m fiust the same it 
the multiplication of two fractions together. 

10. What is i of} of 76? 

11. What is I off of 12? What is } of | of 18j^ ? 

12. What is ^off of8i? What is f of | of 34 ? 

13. Divide | of ) bj f. Divide f of } by 8^. 

14 Multiply i of 37 by 19^. Mult | of 18 by 19}. 
19. What is the value of 32} yds. of doth at 4} dollan a 
yard? 

16. What do 17} tons of hay come to at 11} dolls, a ton? 

17. What is the value of 21} cordi of wood at 4} dolls, t 
eord? 

18. What is the value of 24} barrels of apples at 1} dolb. 
a barrel? 

19. What is the amount of 12} shares Bank stock, at 641} 
dollars a share? 



SECTION XVII. 

ADDmOK AND SUBTBACTION OF FRACTIOITS. 

If the fractions have a common denominator, perform the 
required operation on the numerators, and place the resilt 
<Mr#r the common denominator. 

1. Add ft I All. AddW+A-H:*- 

2. Subtract f— }. A— A- if-H- 

If the fractions have not a common denominator, reduce 
them to a common denominator, (Sec IX. Pt. I.) and then 
add or substract, as the question requires. 

8. Add}f}+f Addf+A+H. 

4. Add H-l+l}. Add *+A+H. 

5. Subtract from 5} — f . 8 ft f . |— ft^. 

6. Add 31}+57}-f 18}. 

In ^ases like the above it is easiest to add the whole num- 
bers first. 

7. Add 67tVH of 7}+} of 22. 

8. A man spent for various articles } of a dollar, f of a 
dMlar, -^c^tL dollar, i\ of a dollar ; how much did he spend 

inaa? 
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9. From 56^ bushels, llf busk* were taken ; how much 
remained ? 

10. From a firkin of butter containing 42J lbs., 18H lbs. 
were taken ; how much remained ? 

11. Add i?*+4|. Add lli+Zt' 

12. Add 21i4-— 9H-^ 

^ 5 '^11 

18. Add 19i+21ii. 8|+?*. 

14. Add 44+lli Si+llk. 

^^24 ^^47 

15. Subtract 19i— ^. 22J— ?i 

13 '43 

16. Add 3J+8H-— +— 

*^ ^^^40 ^4J 



SECTION XVIII. 

REDUCTION OF DENOMINATE FRACTIONS. 

Denominate fractions, are fractions of numbers when ap- 
plied to a particular denomination. See Sec XI. Part I. 

Samples. 

1. \Vliat part of a bush, is ^ of a quart ? 

2. What part of 2 bush, is ^ of a quart ? 
8. What part of 7 bush, is f of a peck ? 

4. What part of 3£ is j of a shilling ? 

5, What part of a shilling is ^ of a penny ? 
€. What part of a mile is*half a rod ? 

7. What part of 3 fur. is § of a rod ? 

8. What part of a mile is 8 fur. 19 rods ? 

9. What part of a mile is 1 foot? 2 feet? 

10. What part of a ton is 6 cwt 3 qrs. 7 lbs. ? 

11. What part of a ton is 18 cwt. 1 qr. 6 lbs. ? 

12. What part of a sq. rod is 17 feet? 

18. What part of a cord is 12^ cubic feet ? 
14. What part of a cord is 18| cubic feet ? 

18 
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15. What part of a btub. i^ ^ of a qt ? 

16. What part of a bush, is 7^ qts. ? 

17. What part of a week is 4^ hours ? 

18. What part of a week is 7 J hours ? 
19k What part of 3 hours is^l2 minutes ? 

20. Wliat is the value in shillings and pence of ^ of a £ ? 
If it were d£, there would be 60 shillings ; but it is not S£, 

but one seventh of that ; therefore it is ^ of 60 shillings=8^ 
shillings. To find the value in pence of f of a shilling, pursue 
the same reasoning ; if it was 4 shillings, it would be 48 pence ; 
but it is not 4 shillings, but f of that=6f^ pence. The answer, 
then, is 8s. 6f d. 

21. What is the value in shillings and pence of f^ of a £ ? 

22. Value in hours, minutes, and seconds, of ^ of a week ? 

23. How man J minutes in -j^ of a week ? 

24. How many minutes and seconds in -^ of an hour ? 

25. Value of § of a gal. ? Value of -^ of a bl. of wine ? 

26. How many oz., dwt and grs. in -j^ of a lb. Troy ? 

27. What is the value in oz., dwt. and grs. of -^ of a lb. Troy? 

28. How many square rods in f of an acre ? 

29. How many square feet and inches in -^ of a sq. foot? 



SECTION XIX. 

CHANGE OP DENOMINATE INTEGERS TO FBACTIONS. 

CSee Section XI. Part I.l 

JSxamples. 

1. What part of a furlong is 5 feet? 

2. What part of a mile is 17 feet? 
8. What part of a mile is 31^ feet ? 

4. What part of a ton is 25j lbs. ? 

5. What part of a ton is 107 J lbs. ? 

6. What part of a ton is 3 qrs. 9 lbs. 8 oz. ? 

7. What part of a ton is 4 lbs. 13 oz. ? 

8. What part of an acre is 4 rods, 17 feet? 

9. What part of an acre is 113 rods, 51^ feet ? 

10. What part of a hhd. of wine is 17 gals. 3 qts. 1 pt ? 

11. What part of 10 gals, is 3^ pints ? 
) 2. What part of a guinea is 3s. 7d. ? 
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13. What part of a£ is 88. 5^.? 

14. What part o£ a week is 3^ hours ? 

15. What part of 5 dajs is 1 hour, 41 m. 15 sec. ? 

16. What part of a month of 31 days, is 17 h. 18^ m. ? 

17. What part of an ell Eng. is 2 n. 1 in. ? 

18. What part of 21 yards is 3 J qrs. ? 

19. What part of 37^ yards is IJ ell Eng. ? 

20. What part of 7 cords of wood is 21 J cubic feet ? 

21. What part of 31£ is 5s. 3^. ? 



SECTION XX. 

PRACTICAL EXAMPLES. 

1. What is the cost of If yds. broadcloth at 4^ dolls, a yd. ? 

2. What is the cost of 2^ yds. cloth at ^ of a doll, a yd. ? 

3. What is the value of 12 bbls. of flour at 4f dolls, a bbl. ? 

4. What is the value of 31 casks of lime at ^ of a dollar a 
cask? 

5. What is 5 J cwt of beef worth at 4| dolls, per cwt. ? 

6. What is the cost of 43 j- bush, corn at f of a dolL a bush. ? 

7. Ka horse eat 1^ bush, of oats in a week, how much will 
he eat in 52 weeks ? 

8. What will be the cost of the oats for 52 weeks at f of a 
doll, a bushel ? 

9. What part of a cwt. is ^ of a bbL of flour containing 
196 lbs.? 

10. What is the weight of f of a lot of hay weighing 4^ 
tons? 

11. How many cubic feet are there in J of ^ of a cord of 
wood? 

12. A man sold | of a lot of wood, the whole of which was 
17f cords ; how much did he sell ? 

13. What part of 9 rods in length is 10 feet ? 

14. What part of a sq. rod is 3 sq. yards ? 

15. What part of a sq. rod is 5 sq. feet ? 

16. What is 36 sq. feet of land worth at 9^ dolls, a sq. rod ? 

17. How many gsJlons are there is 1^^ of a barrel of wine ? 

18. Two men bought a lot of hay for 11^ dollars ; one tod^ 
13 cwt. ; the other, the remainder, which was 8^ cwt ; what 
ought each to pay ? 
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19. Two men divided a lot of wood which they purchased 
together for 27^ dollars; one Uxk 5^ cords; the other 8 
cords ; what ought each to pay ? 

20. The main-«pring of a watch weigl^s about 1 dwt 12 
grs., Troy weight ; estimating its worth at J^ of a dollar, what 
would a pound Troy of steel be worth after it was manufac- 
tured into watch main-springs, allowing nothing for waste in 
manufacturing ? * 

21. A hair-spring of a watch weighs ^^ of a grain, Troy; 
estimating its value at 3 cents, what would be the value of 1 
Ih. Troy, of steel, made into hair-springs, allowing nothing for 
waste? 

22. Two men hired a horse one week for 6^ dollars ; one 
rode him 70 miles ; the other, 84 ; how much ought each to 
pay? 

23. A stack of hay is bought by two men for 76^ dollars, 
to be paid for in proportion to the amount of hay each one 
takes ; one takes 3^ tons, the other the remainder, which was 
2-^ tons ; how much ought€ach to pay? 



SECTION XXI. 

DECIMAL FRACTIONS. 
[See Section XII. Part I.3 

Addition and SvhtracHon* 

In setting down the numbers, place those of the same order 
under each other, as units under units, tenths under tenths. 

JExamples. 

1. 245+68.3+17.14+87.96-f3.125. 

2. 165.3+96.45-|-8.431-f.641+9412.5. 

3. 450.61-f 27.134+89.421 6+.984. 

4. 64.25+3.125+87.25+181.7. 

5. 125.17+34.27+.125-f3761.5. 

6. 186.4—27.31 ; 800.4—21.67. 

7. 34.21—18.625 ; 94.31—81:167. 

8. 1W.51— 85.125 ; 204.5—31.09. 

9. 20.41—3.817 ; 601.4—517.24. 
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10. 648.62-.541-.891 ; 346.4—91.824. 

11. 5.1—1.324; .5— .0067. 

12. .81— .126; .94— .3816. 

Multiplication of DedmdU. Sec. '^TT- Part I. 

13. 124.3X87; 321.67X24.3. 

14. 97.125X6; 31.4X.125. 

15. 37.5 X. 94; 18.4X64. 

16. 21X.106; 312X.05. 

17. 31.1X004; 18.61 X. 03. 

18. 641 X. 41; 843.5 X. 95. 

19. 184.2X.121 ; 35.6x.025. 

20. .625X71; .875X31.5. 

Division of Decimals. Sec. XII. Pari I. 

21. 84^.012; 965-^.15. 
22..1.65-~15; 846-H3.4. 

23. 1640-7-.96; 425-J-.055. 

24. iH-.OOl ; 2-M)002. 

25. .OOl-r-2; 384^-0012. 



SECTION XXII. 

BEDUCTION OF VULGAR FRACTIONS TO DECIMALS. 

CSee Section XIII. Fart I.} 

Examples. 

1. Reduce | to a decimaL 

2. Reduce f to a decimal. 

3. Reduce to decimals ^ ; {. 

4. Reduce to decimals A 5 A 5 "A- 

5. Reduce to decimals -A* > ii » H* 

If the fractions are reducible to decimals without a remainder, 
obtain the answer exactly ; if they are irreducible, obtain the 
proximate answer to four places, and annex the .fractional 
remainder. In order to know if a fraction is exactly expres- 
sible in decimals, see Section XIII. Part I, as directed above. 

6. Reduce to decimals ^ ; §| ; §}. 

7. Reduce to decimals ^ ; ^ ; ^. 

8. Reduce to decimals \i ; -^ ; xfr- 

13* 
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9. Reduce to decimals ^^ ; H^ ; 

10. Reduce to decimals yj^ i x^ ; ^^t- 

In ordinary transactions it is usual to carry the dedmal 
answer to tkree or four places ; the remainder is . then so 
small in value that it may be dropped as of no importance. 
At whatever place you stop, however, the decimal obtained, 
and the fractional remainder, when added together, will ex- 
actly equal the original fraction. 

11. In order to show this, we will take |. Reducing il, 

^)_ we obtain at the first step 1 tenth-ff of 1 tenth; 

IrT 
adding these, ^-f" '^o — ^H^=4^> which is the original faction. 

We now carry the reduction one step further, ^ ^ . 

we obtain 14 hundredths,-}-? of a hundredth. Adding these, 
^+Tijr=^%i=h the original faction. 

We will carry the reduction one step further; 2i__ 

^ ^ * 142+f. 

We obtain 142 thousandths-}-^ of a thousandth. Adding these 
by using the common denominator 7000, T^ftV+T^ftnj=l^8 
ssf, the original fraction. 

12. Reduce -j^- to a decimal, of one figure, with the remain- 
der ; carried to 2 places, with the remainder ; carried to 3 
places, with the remainder. 

13. Reduce ^to a, decimal of 7 places. 

14. Reduce i^ to a decimal of 9 places. 

15. Reduce ^ to a decimal of 10 places. 

Repeating and Oirculaiing Decimals* 

When a fraction is irreducible, the decimal figure will either 
repeat, as J=.333-}- ; or the decimal figures obtained by the 
partial reduction will, after a time, recur again, in the same 
order as at first. Thus, ^ gives .090909-f- and so on, with- 
out end. When the same figure is repeated continually, it is 
called a repeating decimal ; when the same series of diflferent 
figures recurs, it Is called a circulating decimal. 
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SECTION XXIII. 

BEDUGTIOK OF DENOMINATE INTEGERS TO DECIMALS. 

1. Reduce 58. lid. to the decimal of a £. First, reduce 
tlie quantity to the vulgar fractkm of a £ ; then reduce that 
vulgar fraction to a decimaL 

2. Reduce ds. 2^ to the decimal of a £. 

3. Reduce 5d. to the decimal of a guinea. 

4. Reduce 3 qts. to the decimal of a busheL 

5. Reduce 2^ pints to the decimal of a gallon. 

6. Reduce 3 feet 5 inches to the decimal of a rod. 

7. Reduce 7 feet 8 inches to the decimal of a rod. 

8. Reduce 15 rods 9^ feet to the decimal of a furlong. 

9. Reduce 23 rods 13 feet to the decimal of a mile. 

10. Reduce 5 hours 18 m. to the decimal of a day. 

11. Reduce 21 hours 6 m. to the decimal of a week. 

12. Reduce 12^ sq. rods to the decimal of an acre. 



SECTION XXIV. 

TO FIND THE INTEGRAL VALUE OF DENOMINATE DECIMALS. 

1. What is the value of .7 of a rod ? 

Supposing the quantity was 7 rods, its value in feet would 
be found by multiplying it by 16J ; 16JX7=115J, or 115.5 ; 
but it was not 7 rods, but 7 tenths, of a rod, whose value we 
wish to find ; the answer obtained, therefore, is 10 times too 
large; dividing by 10, it is 11.55, — 11 feet and 55 hundredths. 
In order to find the value in inches of 55 hundredths of a 
foot, we will call it 55 feet; the answer is, 55X12=660—- 
660 feet ; but, as we regarded the 55 as 100 times greater 
in value than it is, the answer is 100 times too large ; divid- 
ing it by 100, the answer is 69.60 inches, —- 6 inches and 60 
hundredths, or 6 tenths. 

The above analysis shows the nature of the operation in 
all cases. 
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2. What is the value, in feet and inches, of .3 of a rod? 

3. What is the value of .94 of a rod ? 
4* What is the value of .26 of a rod ? 

5. How many shillings and pence are there in •GS.of a £? 

6. How many shillings and pence are there in .8 of a £ ? 

7. How many pence are there in .7 of a shilling ? 

8. How many pence are there in .16 of a shilling? 

9. What is the value of .19 of a £? 

10. What is the value of .74 of a bushel ? 

11. What is the value of .9 of a bushel? 

12. What is the value, in rods and feet, of .7 of an acre ? 

13. What is the value of .9 of an acre ? 

14. What is the value of .12 of an hour ? 

15. How many minutes and seconds in .15 of an hour ? « 

16. Find the value of .34 of a week. 

17. Find the value of .162 of a week. 

18. Find the value of .84 of a minute. 

19. How many feet in .761 of a cord ? 

20. How many feet and inches in .2 of cord ? 

21. How many feet in .74 of a cord ? 

22. How many feet in .13 of a cord? 



SECTION XXV. 

PRACTICAL EXAMPLES. 

1. Add $1.50+$.375+$.0625+$.1875+$5.00. 

2. Add S34.75+$6.004-$.3754-«.08. 

3. A man had $50, and spent S.375 of it ; how much had 
he left? 

4. A man had $10.00, and spent $.875 of it ; how much had 
he left ? 

5. A watch cost $45.675 ; the chain and key, $4.845 ; what 
did the whole cost ? 

6. The owner then sold the watch, chain, and key, for 
$48,375 ; how much did he lose ? 

7. A man set out on a journey with $10.00 ; the first day 
he spent $1.125 ; how much had he left? 
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8. The second day he spent $1.425 ; how much had he left ? 

9. The third day he spent S1.67 ; how much had he left ? 

10. The fourth day he spent $.875; how much had he 
left? 

11. What is the cost of 21 Ihs. of flour at $.05 per lb.? 
Why do you point off two decimals in the answer ? 

12. What is the cost of 35 lbs. of flour at $.045 per lb. ? 
Why do you point off three decimals ? 

18. What is the cost of 12.5 lbs. of flour at $.05 a lb. ? 

14. What is the cost of 15.5 lbs. of flour at $.045 a lb. ? 

15. What is the cost of 26.25 lbs. of flour at $.0375 a lb. ? 

16. What is the cost of 18.75 lbs. of flour at $.0425 a lb. ? 

17. What is the cost of 15 barrels of flour at $4.75 a bar- 
rel? 

18. What is the cost of 17.5 barrels of flour at $5.25 a 
barrel? 

19. What is the cost of 3 tons of hay at $7.56 a ton ? 

20. What is the cost of 13.5 tons of hay at $9.00 a ton ? 

21. What are 17 barrels of cider worth at $1.75 a barrel? 

22. What cost 16 gallons of molasses at $.345 a gallon ? 

23. Divide $1.05 into 21 equal parts; what will each part 
be? 

24. How many lbs. of flour will $15.75 buy, at $.045 a lb. ? 

25. How many times will $.05 go in $.625 ? 

26. How many lbs. of flour can be bought for $.6975 at 
$.045 per lb. ? 

27. How many times will $.0375 go in $984,375 ? 

28. How many times will $.0425 go in $584,375 ? 

29. How many barrels of flour will $71.25 buy, at $4.75 
per barrel ? 

30. How many barrels of flour will $91,875 buy at $5.25 
per barrel? 

31. How many tons of hay can be bought for $22.68, at 
$7.56 per ton ? 

32. How many tunes will $9.00 go in $121.50? 

33. A shipmaster paid $29.75 for ballast, giving $1.75 a 
ton ; how many tons did he buy ? 

34. How many times will $.345 go in $5.52 ? 

35. What cost 14 lbs. of flour at $.045 a lb., and 28 lbs. 
of sugar at $.095 a lb. ? 
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SECTION XXVI. 

PRACTICAL QUESTIONS IN VULGAR AND DECIMAL 

FRACTIONS. 

1. Bought 7 cwU 15 lbs. sugar at $6.62^ per cwt, and sold 
it at 7 cents per lb. What was the gain ? 

2. Bought 156 gallons of wine at 93 cents per gallon, and 
sold it at 34 cents per quart. What was the gain ? 

3. Bought 7 cwt. 1 qr. 11 lbs. coffee at SI 2.50 per cwt., and 
sold it at 14 cents per lb. What gain ? 

4. Bought 37 yards broadcloth at $5.25 per yard ; sold 20 
yards of it at $7.00 per yard, and the remainder at $6.31 per 
yard. What was the gain ? 

5. Bought 24 yards broadcloth at $6.40 per yard ; sold 22} 
yards at $7.25 per yard, and the remnant for 5 dollars. What 
•was the gain ? 

6. Bought 87 E. E. calico at 17 cents per E. E., and sold 
it at 21 cents per yard. What gain ? 

7. Bought 4 dozen books at $1.50 per dozen, and sold 
them at 16 cents each. What gain? 

8. Bought 13 dozen brooms at $1.04 per dozen, and sold 
them at 15 cents each. What gain ? 

9. Bought 5^ dozen mats at $3.40 per dozen, and sold them 
at 36 oents each. What gain ? 

10. Bought 17 bushels of salt at 65 cents per bushel, and 
sold it at 21 cents per peck. What gain ? 

11. Bought one barrel of wine at 78 cents per gallon, and 
sold it at 16 cents per pint. What gain? 

12. Bought 3 dozen baskets, at $2.05 per dozen, and sold 
1 dozen at 31 cents ; 1 dozen at 37 cents ; and 1 dozen at 42 
cents each. What gain ? 

13. Bought 48 yards broadcloth at $5.62 per yard ; lost 
17 yards by fire, and sold the remainder at $6.25 per yard. 
How much gain or loss ? 

14. Bought a hhd. molasses containing 131 gaUons, at 34 
cents per gallon; 16 gallons leaked out; sold die remainder 
at 37 cents per gallon. What gain or loss ? 

15. Bought 3^ dozen axes at $6.80 per dozen, and sold 
them at 92 cents each. What gain ? 

16. Bought 7 dozen pails at $1.42 per dozen, and sold them 
Bt 21 cents each. Wliat gam? 
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17. Bought 8^ dozen shovels at $9.25 per dozen, and sold 
them at SI .00 each. What gain ? 

18. Bought 74 yards carpeting at 73 cents per yard, and 
sold it at 87 J cents per yard. What gain? 

19. Bought 164 bushels com at 54 cents per bushel; sold 
93 bushels at 67 cents, and the remainder at 50 cents per 
bushel. How much loss or gain ? 

20. Bought 75 barrels apples at $1.37 per barrel ; lost 15 
barrels by decay, and sold what remained at S 2.12 per bar- 
rel. What loss or gain ? 

21. Bought 13 dozen oranges at 7 cents per dozen ; lost by 
decay 2^ dozen, and sold the remainder at 2} cents each. 
What gain ? 

22. Bought 15 dozen pairs of shoes at $4.87 per dozen, 
and sold them at 63 cents per pair. What gain ? 

23. Bought 18^ thousand of boards at $9.50 per thousand; 
sold 6 thousand at $12.25 per thousand, and the remainder at 
$8.42 per thousand. What gain ? 

24. Bought 21^^ cords wood at $4.75 per cord ; sold 8 cords 
at $5.50 per cord, and the remainder at $4.25 per cord. 
What gain? 

25. Bought 209 bushels apples at 27 cents per bushel ; sold 
46 bushels at 49 cents per bushel, and the remainder at 25 
cents per bushel. What gain ? 



SECTION XXVII. 

REDUCTION OF CURRENCIES. ' 

Efngluh Currency. 

1. Reduce 67£ to dollars and cents. 

As 4s. 6d. or 54d.=$1.00 (see Table, p. 35,) and 20s. or 
240d.:^=l£, 1 dollar is ^^ of a £. Reducing this fraction to 
its lowest terms, it is ^. The question therefore is this ; in 
67£' how many ^ of a £ ? Dividing 67 by the fraction, we 
have 297f dollars, for the answer. The fraction J gives 77 
cents fgid 7 miUs^ 
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2. Beduce 87£ to dollars and cents. 

3. Beduce 104£ to dollars and cents. 

4. Beduce 64£ to dollars and cents. 

5. Beduce 167£ to dollars and cents. 

6. Beduce 520£ to dollars and cents. 

7. Beduce 84£ Gs. to dollars and cents. 

First reduce the 63. to the decimal of a £, -f^r^S ; the 
sum then is, 84.3£. Beduce it in the same waj as the cases 
aboFe. 

8. Beduce 124£ 13s. to Federal money. 

9. Beduce 36£ 9s. 6d. to Federal money. 
10. Beduce 71£ 18s. 4d. to Federal money. 

To Seduce Federal money to Sterling. 

11. In 684 dollars, how many £, s. and d. ? 

As S1.00=^ of a £, 1£=V o^ ^^M. The question 
therefore is, in 684 dollars, how many ^ of $1.00 ? Divid- 
ing by the fraction we have for the answer, £153.9, or 153£ 
18s. 

12. In $74.25, how many £, s. and d. ? 

13. Beduce $186.40 to Sterling money. 

14. Beduce $564.35 to Sterling money. 

15. Beduce $640.15 to Sterling money. 

The comparative value of the dollar and the pound sterling, 
as given above, is called the nominal par value. The actual 
value of the £, is higher than is here given. This difference 
is usually estimated in trade by adopting the nominal par 
value, given above, as the basis of the calculation, and then 
adding or subtracting a certain per cent as 8 or 10 per cent, 
to compens^ate for the inequality of value. 

Canada Cfurrency, 
5s.=60d.=$1.00. 

16. In 74£ 15s., how many dollars and cents. 

As $l,00=60d., and l£=240d, $1.00 is ^, or J of a £ ; 
multipljing by 4, the answer is $299.00. 

17. In 126£ 12s. Canada currency, how m^y doUara and 
oents? 

18. Beduce $841.50 to Canada currency. 
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New England Cttrreney. 
6s.=72d.=^1.00. 

19. Id 64£ 8s. bow manj dollars and cents F 
tl.OO=j^Vr=A of a £. Reduce fhe 89. to a decimal of 

S £, and ditide by the fractdoa ; we have $214. 66|. 

20. Beduce 12t)£ 128. 6d. to Federal money. 

New York Currency. 
8s.=9ed.=tl.00. 

21. Reduce 146£ 69. 4d. to Federal money. 

As Sl.OC^^^j^^ of a £, reducing the ahillings and 
pence to tbe decimal of a £, and dividing by the fraction, we 
have 8365.75. 

22. Reduce 54£ lOs. 6d. to Federal money. 

Penntyhnmia Ourrenej/. 
7e. 6djs=90d=S1.00. 

23. Reduce 16£ Ss. 6d. to Federal money. 
»1.00=/^^,=| of a £. 

24. Bedncc 7£ 83. 9d. to Federal money. 



SECTION XXVIII. 



SuU. Find the interest of 1 dolkr for the given time ; 
mnltiply the principal by it, and point off as in the multipli- 
cation of decimals. 

1. What is the interest of »156.34 for 11 months and 20 

As the interest of 1 dollar for 2 f 3)156.94 
months is 1 cent, for 10 months, it .058 

will be 5 cents, .05. As the interest 125072 

«f 1 doUar for 6 days is I mill, for < 78170 
SO days it will be 5 mills, and for 20 5211 

days, 8 mills and i, making 8 mills -(...qa;. *„„ 

and J. Set down the 8 at the right [ '^-^^^^^ -* 
14 
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hand of the .05, and for the i divide by 3. Observe, the'O 
. before the 5 must be retained, otherwise it would be 5 tenths 
of a dollar, or 50 cents, and the answer would be 10 times 
too great. If there are no cents, there must be two ciphers 
at the left hand of the mills. The number of cents for the 
multiplier is always equal to half the greatest even number 
of months, — the number of mills is one sixth of all the days 
over and above the greatest even number of months. 

2. Interest of $384.18 for 7 months artd 10 days ? 

8. Interest of $147.19 for 5 months 15 days? 

4. Interest of $568.25 for 9 months 13 days ? 

5. Interest of $81.40 for 10 months 14 days ? 

6. Interest of $56.32 for 12 months 24 days ? 

7. Interest of $75.30 for 14 months 18 days? 

8. Interest of $644.46 for 15 months 24 days? 

9. Interest of $831.00 for 1 year 4 months- 12 days? 

10. Interest of $380.00 for 1 year 7 months ? 

11. Interest of $500.00 for 1 year 5 months 6 days? 

12. Interest of $27.42 for 4 months 17 days? 

13. Interest of $13.18 for 6 months 23 days? 

14. Interest of $1000.00 for 5 months 4 days ? 

15. Interest of $65.48 for 30 days, or 1 month ? 

16. Interest of $94.00 for 30 days ? 

17. Interest of $840.60 for 18 days ? 

18. Interest of $6«2.00 for 18 days? 

19. Interest of $349.40 for 12 days ? 

20. Interest of $267.62 for 12 days ? 

21. Interest of $384.92 for 15 days? 

22. Interest of- $81 1.1 9 for 20 days ? 

23. Interest of $673.94 for 5 months 11 days ? 

24. Interest of $460.00 for 8 months 18 days ? 

25. Interest of $460.00 for 8 months 1^8 days, at 12 per 
cent.? 

26. Interest of $460.00 for 8 months 18 days, at 8 per 
cent? 

27. Interest of $460.00 for 8 months 18 days, at 7 per 
cent. ? 

28. Interest of $460.00 for 8 months 18 days, at 5 per 
cent ? 

29. Interest of $1500.00 for 15 months, at 4 per cent ? 

30. Interest of $145.80 for 7 months 11 days, at 8 per 
cent ? 
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•'31. Interest of t341.18 for 2 yeara 9 months ISdajB? 

Ab the interest of a dollar for 30 days, is 5 mills, for ^ of 
,30 days, or 6 days, it is one mill. As 1 mill is YTfav '^^ thou- 
sandth of a dollar, it follows that the interest of 1 dollar for 
1 day, is one sixth of a thousandth, or bo^ob of a dollar. For 
two days, therefore, it will be ^jftjii; for 15 days, tJ^u 0^ * 
dollar. 
' A convenient rule, therefore, when the lime is short, ia the 
(bltowing : 

MvUipli/ the sum by the number of dai/s, and divide the 
product\ 6000. 

This is often the shortest method. You divide by 1,000, 
by removing the decimal point three places to the left. It 
only remains then, after doing this, to mulijply by the num- 
ber of days, and divide by 6. 

32. What is the interest of $348.25 for 18 days? 
Dividing by 1000, you- have $0,348^, — thirty four -cents, 

eight mjib and a quarter. Instead now of multiplying by IS 
and dividing by 6, you may multiply by 3, for 18 is 3 times 6. 
3 times 0.3481 is »1.044| — Ans. 

33. Interest of S725.80 for 24 days? 
84. Interestof 3341.18 for 36day8? 

35. Interfet of $67.45 for 54 days ? 

36. Interestof S641.IS for 42 days? 
'37. Interest of S84.16 for 16 days? 

To find the amount, add the interest to the principal ; or, 
find the amount of 31.00 for the given time, and multiply 
the principal by it. 

38. What is the amount of 8560.50 for 8 months 12 days? 

89. Amount of 1964.25 for 15 months 18 days? 

40. Amount of 8460.00 for 1 year 6 months ? 

41. Amount of $120.50 for 2 years 4 months? " 

42. Amgunt of 868,40 for I year 6 months 24 days? 

43. Amount of $500.00 for 2 years 3 months? 
a. Amount of 8730.50 for 6 months 12 days? 
45. Amount of $840.25 for 4 months 18 days ? 
i6. Amount of $40.50 for 8 months 12 days? 
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SECTION XXIX. 

tf 

PABTIAL PAYMENTS. 

When Partial Payments are made on a note, the amount 
due on the final payment of the note, may be found by the 
following rule. " 

Find the interest on the note up to the time of the first 
payment ; if the payment exceeds the interest, deduct it &om 
the amount, regarding the remainder as a new principal ; on 
this, calculate the interest to the time of the next payment, 
and so on. If any payment is less than the interest then due, 
z:e8erye it, and compute the interest on to the time when the 
payments, added together, shall exceed the interest due ; then 
subtract the sum of the payments fix>m the amount th^i due, 
and proceed as before. 

1. A note of 200 dollars is given July 1, 1834, on which 
are the following partial payments ; 

Dec. 15, 1834, «25.00. 
March 1, 1835, 2.50. 
Aug. 10, 1835, 45.00. 

What was due Dec. 31, 1835 ? 

2. A note of $340.25 is given Aug. 1, 1840. 

Endorsements,— Jan. 10, 1841, $28.40. 

July 1, 1841, 9.00. 
March 14, 1842, 7400. 

WTiat was due Jan. 1, 1843 ? 

B. A note of $480.00 is given June 9, 1841. 

Endorsements, — Sept. 11, 1842, $60.00. 

Jan. 3, 1848, 95.00. 

March 12, 1844, 100.00. 

What was due Dec 1, 1844? • 

4. A note of $675.40 is given July 3, 1843- 

Endorsements, — Jan. 4, 1844, $65.00. 

April 17, 1844, 29.50.. 
Nov. 18, 1844, 74.00. 

Wliat is due Jan. 1, 1845 ? 
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5. A note of 8345.40 is given April I, 1843. ' 

Endonemente, — Dec. 1, 1848,(40.00.- 

June'lO, 1844, 90.00. 

Oct. 4, 1844, 31.50. 

Feb. 6, 1845, 17.00. - 

What h due Jan. 1, 1845 ? 

The rule given above is the legal rule. When, however, 
the note ta paid within a year from the time when it was 
given, the following rule is usually employed. 

Find the amount of principal and interest of the whole 
note, from the time it was given, till the fintil payment. 

Find the amount of each payment, from the time it was 
paid, till the final payment; and the sum of these amounts 
Bnbtract from the amount of the whole not« ; the reminder 
will be the balance due. 

6. A note of S525.00 is given Sept. 1, 1844. 

Endorsements, — Dec. 30, 1844, »58.75. 
March 4, 1845, 104.20. 
June 8, 1845, 63.40. - 
What is due Aug. 21, 1845 ? 

7. A note of $784.50, given July 7, 1844, has the follow- 
ing endorsements, — 

Sept. 5, 1844, S54.00. 

Nov. 10, 1844, 60.00. 

Jan. 12, 1845, 75.00. 

March 17, 1845, 100.00. 
What is due May 1, 1845 ? 

AHNUAL INTEItEST. 

When a note is given, payable at a longer period than a 
Tear from the date, it is usual to express in the note, that the 
interest shall be piud annually. At the end of a year, the 
holder of the note may compel the payment of the interest. 
In such caaes the debtor, instead of paying the interest that 
is due, sometimes renews the note, adding the interest to the 
prindpal. Thus, at the end of each year the interest due 
Ib added in, and goes lo make a new principal for the iViH'— 
ing year. This is called OoiTmotmd Luerest ; but the 
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putation of it, is the same as in simple interest ; fi>r, if the 
interest is not* computed every year, and either paid or put 
into the note by renewal, that interest cannot draw interest 
Tfie law regards it the duty of the creditor to remind the 
debtor of his ^ebt, by ex&cting the payment of the interest 
every year. If he does not do this, he can derive no ad- 
vantage from the promise in the note to pay the interest 
annufdly. 

ILLUSTBATION. 

Bostofiy March 1, 1845. 



$100.00. 



For value received, I promise to pay to John Jones, or 
order, one hundred dollars, in five years, with interest an- 

""""y- Samuel Baetok. 

If Samuel Barton does not exact the interest till the end 
of the five years, and, if he obtains no renewal of it, the 
amount o£ the note will be only $130.00 ; for the interest of 
100 dollars, for five years, is 30 dollars. 

If, however, he obtains a renewal of the note at the end 
of each year, the principal of the note, for the ^cond year, 
will be $106.00. 

8. What will the principal of the note for the third year 
be? 

9. What will the principal of the note for the fourth year 
be? 

10. What wiU the principal of the note for the fifth year 
be? 

11. What wiU be due, principal and interest, at the end of 
the*fifth year ? 

12. How much would the holder of the above note lose by 
omitting to obtain any renewal of it, or any payment of an- 
nual interest ? 

$250 00 "^^^ Torky July 1, 1845. 

For value received, I promise to pay John Foss, or order, 
two hundred and fifty dollars, in four years, with interest 
annually. 

A.1108 Cabr. 
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13. If no interest is paid on this note till the principal is 
due, and if no renewal of the note is made, what will be the 
amount of the note at the time of payment ? 

14. If the note is renewed each year, what will be the 
principal of the note, for the second 'year? 

15. What wOl be the principal of the note for the third 
year? 

16. What will be the principal of the note for the fourth 
year? 

17. What will be the amount of the last note at the time 
of payment? 

18. How much would the holder, John Foss, lose, by neg- 
lecting to obtain any annual payment of interest, or any re- 
newal of the above note ? 



SECTION XXX. 

DISCOUNT. 
[See Section XIY. Fart I.] 

Examples. 

1. What is the present worth of $475.50, payable in 3 
months ? 

2. What is the present worth of $341.00, payable in 65 
days? 

3. Present worth of $940.25, payable in 4 months ? 

4. Present worth of $156.30, payable in 96 days? 

5. Present worth of $312.60, payable in 35 days? 

6. Present worth of $500.00, payable in 41 days ? 

7. Present worth of $814.67, payable in 65 days ? 

8. Present worth of $46.30, payable in 20 days ? 

9. Present worth of $124.45, payable in 5 months ? 
10. Present worth of $360.20, payable in 4J months ? 
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SECTION XXXI. 

BANKING. 

[See Section XIY. Part I. j 

To find the present worth of a note given to a bank, pay- 
able at some future time, find the present worth of 1 dollar 
for the given time, and multiply the sum named in the note 
by it. 

1. What is the present worth of a note for 100 dollars, dis- 
counted at a bank, for 60 days ? 

Interest of 1 dollar for 63 days is .0105 ; this subtracted 
from 1 dollar, leaves for the present worth .9895. 

2. What is the present worth of a note for $450.00, dis- 
counted at a Bank, for 90 days ? 

3. I give^ my note to a bank for $250.00, for 60 days ; 
what do I receive ? 

4. I give my note to a bank for $520.00, for 120 days; 
what do I receive ? 

5. Present worth of a bank note for $600.00, discounted 
for 60 days ? 

6. Present worth of a bank note for $150.00, discounted 
for 120 days ? 

7. Present worth of a bank note for $75,00, discounted for 
30 days ? 

8. Present worth of a bank note for $1000.00, discounted 
for 60 days ? 

9. Present worth of a bank note for $560,00, discounted 
for 120 days ? 

10. Present worth of a bank note for $150.00, discounted 
for 30 days ? 

To find what must be the face of a note given to a bank, 
in order to obtain a certain sum — find the present worth of 1 
doUarfor the given time, and divide the sum you wish to obtain 
by it ; the quotient wiU express the sum that must he named in 
the note. This, you observe, is just the reverse of the pre- 
ceding case. 

11. For what sum must I give my note to a bank, payable 
in 60 days, in order to receive $98.95 ? 
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12. For wh^ sum must I give my note to a bank, payable 
in 120 days, in order to receive $509.84 ? 

13. For what sum must I give my note to a bank, payable 
in 60 days, in order to receive $593.70 ? 

14. For what sum must I give my note to a bank, payable 
in 30 days, in order to receive $10000.Q0 ? 



SECTION XXXII. 

LOSS AND GAIN. — PER CENT AGE/ 

[See Section XIV. Fart 10 

1. A man bought a horse for 75 dollars, and sold him for 
$82.50 ; what did he gain per cent. ? - 

2. A man bought a chaise for $178.00, and sold it for 
$154.50 ; what did he lose per cent.? 

3. A merchant bought a lot of flour at $4.62 a barrel, and 
sold it at $5.15 a barrel ; what was his gain per cent. ? | 

4. A merchant bought a piece of broadcloth for $4.30 per 
yard ; what must he sell it for to gain 12 per cent. ? 

5. A man has $1200.00 invested in a manufactory; he 
receives, for his half-yearly dividend, 30 dollars ; what per 
cent, is that on his stock ? 

6. A merchant fails, owing $8540.00, and can pay but 
$2700.00 ; how much will that be on a dollar ? 

7. A man £adling in business, agrees to pay his creditors 
87 cents on a dolkr ; what must a creditor receive, whose 
claim is $740.30? 

The pupil should be encouraged habitually to reason upon 
the operations he performs ; so that his method of proceoure 
may be suggested by the relations of the numbers, and not 
dictated by a special rule. To aid in this important habit, a 
few remarks wiU be made on some of the foregoing examples. 
These may serve as specimens of analysis, and suggest to the 
student a similar course of reasoning in other cases. 

JSxample 1. The whole gain is $7.50 ; if this gain were 
made on an outlay of one dollar, the gain would be seven 
hundred and fifty per cent. ; but the gain is made on an outlay 
of 75 dollars ; the gain per cent, therefore, is one seventy-fiftk 
of the whole gain. 
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Example 4. If the cost was 1 dollar a jard, he must add 
12 cents ; if 2 dollars, he must add 24 cents, &c. 

Example 5. If 30 dollars had been the gain upon 1 dollar, 
it would have been 30 hundred per cent. ; but the gain was 
upon 1200 dollars; the per cent., therefore, must be one 
twelve hundredth of 30 dollars. 

8. I invest in a factory 1260 dollars, and receive for my 
yearly dividend 86 dollars ; what is that per cent. ? 

9. I purchase flour at $4.75 per barrel ; what must I sell it 
for to gain 12 per cent. ? 

10. A merchant bought a ship for 11475 dollars, and sold 
her for $13680 ; what did he gain per cent ? 

11. The population of the State of New York in 1810, was 
959949 ; in 1820, it was 1372812 ; what was the gain per 
cent, in that term of 10 years ? 

12. In 1830, it was 1918604; what was the gain per cent, 
from 1820 to 1830 ? 

13. In 1840, it was 2428921 ; what was the gain per cent 
from 1830 to 1840 ? 

14. The population of Ohio in 1810, was 230760 ; in 1820, 
it was 581434 ; what was the gain per cent ? 

15. The population of Ohio in 1830, was 937903 ; what 
was the gain per cent from 1820 to 1830 ? 

16. In 1840, it was 1519467 ; what was the gain per cent 
from 1830 to 1840 ? 

17. Massachusetts had, m 1810, 472040 inhabitants; in 
1820, it had 523287 ; what was the gain per cent in 10 years ? 

18. Massachusetts had, in 1830, 610408 inhabitants ; what 
was her gain per cent, from 1820 to 1830 ? 

19. In 1840, Massachusetts had 737699 inhabitants ; what 
was the gain per cent from 1830 to 1840 ? 

20. An agent sells 12000 dollars' worth of cloth for a 
factory, charging 2 j per cent commission ; what will be his 
remuneration ? 

21. If I buy for a merchant, at a commission of 4 per cent, 
500 barrels of flour, at $4.40 per barrel^ what am I entitled 
to for my commission ? 

22. What is 3 per cent on $674.54 ? 

23. What is 2 per cent on $781.50 ? 

24. What is the value of five 100 dollar shares in a bank, 
at 4^ per cent advance ? 

25. What is the value of seven 100 dollar shares, at 6 per 
cenU discount? 
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26. What is the value of 18 shares bank stock,' 60 dollars 
a share, at 4 per cent, discount ? 

27. What is the duty on a quantity of broadcloth, whose 
value is 1735 dollars, at 15 per cent.? 

28. What is the duty on a quantity of iron, whose value is 
3456 dollars, at 18 per cent.? 

29. What is the commission on the sale of 1246 dollars' 
worth of cloth, at 3 per cent. ? 

30. A man bought a lot of hay for 13 dollars a ton; he 
Bold it for $14.25 a ton ; what did he gain per cent. ? 

31. Bought tea for 46 cents a pound ; what must I sell it 
for a pound to gain 12 per cent ? 

32. What is the worth of 750 dollars, bank stock, at 7 j- per 
cent advance ? 

33. What is the worth of 8500 dollars, bank stock, at 9 per 
cent discount ? 

34. I sell flour at $5.32 per barrel, and thereby gain 12 
per cent on my outlay, what did the flour cost ? 

Every $1.00 laid out in the purchase has brought me a 
return of $1.12 ; the number of dollars I paid out on a barrel 
must therefore equal the number of times $1,12 will go in 

S6. A merchant sells a ship for 13680 dollars, gaining 
thereby 14^ per cent, on what she cost him ; what did the 
ship cost ? 

36. 300 dollars is 2j- per cent on what sum ? 

37. $15.63 is 2 per cent on what sum ? 

38. Bought 12 barrels of flour, each containing 196 pounds, 
at $5.42 per barrel, and sold it at 26 cents for 7 pounds ; how 
much gain in the whole, and how much gain per cent ? 

39. Bought 43 dozen pairs of shoes, at $4.30 per dozen, 
and sold them at 62 cents per pair ; what gain in all ? what 
gain per cent. ? 

40. Bought 20 barrels of apples, each containing 2f bushels, 
at $2.10 per barrel, and sold them at $1.25 per bushel ; 
What gain in all ? what gain per cent. ? 

41. Bought 375 barrels of flour, at $5.20 per barrel, and 
sold 200 barrels at $6.10, the remainder at $6.42 per barrel ; 
What gain in all ? What gain per cent. ? 

42. Bought 34 acres of land, at 41 dollars per acre ; sold 
it for S1700.00 ; how much gain in all ? what gain ^r cftxkt.? 
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SECTION XXXIII. 

ALUGATION.* 

The operations under this rule show the method of finding 
the value of a mixture, when the price and quantity of each 
of its ingredients are given ; also, to find the quantity of each 
ingredient, when its price is given, and it is required to unite 
them so as to form a mixture of a given value. 

Ccae 1. To find the vahie of ike mixture^ when the qtwntUy 
and price of each of the ingredients are given* 

1. Mix 15 bushels of oats, at 4(r cents per bushel; 12 
bushels of barley, at 60 cents ; and 24 bushels of com at 83 
cents ; what will the mixture be worth per bushel ? 

r It is evident that if you find the value of the whole, and 
divide the sum by the number of bushels, the quotient will be 
the value per bushel. 

2. Mix 20 pounds of tea, at 43 cents per pound ; 18 lbs. at 
61 cents ; and 1 1 lbs. at 74 cents per pound ; what will the 
mixture be worth ? 

3. K 41 lbs. of cofiee, at 13 cents per lb. be mixed with 45 
lbs. at 9 j- cents ; and 27 lbs. at 15 cents ; what will die mix- 
ture be worth per pound ? 

Case 2. To find the quantity of each ingredient, when its 
price and that of the required mixture are given, 

4. If I mix oats worth 2s. per bushel, with rye worth Ss., 
so as to make the mixture worth 3s. per bushel, in what pro- 
portion must I mix them ? 

,It is evident, that if I put in 1 bushel of oats, I gain 1 shil- 
ling. Now I must put in rye enough with this bushel of oats 
to lose 1 shilling. On every bushel of rye put in, I lase 2 
shillings ; therefore, in order to lose 1 shilling, I must put in 
j a bushel. I must therefore put in 1 bushel of oats to j- a 

* The word AUvjcttixm signifies a tyinq together; and has reference to a 
paiticalar way of linking numbers together, by means of which operations 
of this kind have been performed. The name is retained as a matter of 
convenience ; bat I have thought it best for the progress of the pupil that 
he should pnnae a strictly analytical method in all the operations. 
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bushel of rye« It is evident that, if I double the quantity thus 
found of each ingredient, the value of the mixture will be the 
same ; or I may take any equal multiples of the quantities, as 
4 bushels of oats, and 2 bushels of rye ; 6 bushels of oats, and 3 
bushels of rye ; 20 bushels of oats, and 10 bushels of rye, &c. 

5. If I mix oats, worth 2s. per bushel, with rye, worth 6s., 
80 as to make the mixture worth ds« per bushel ; in what pro- 
portion must they be mixed ? 

6. Mix oats, worth 3s. per bushel, with wheat, worth Js., 
80 as to make the mixture worth 5s. per bushel ; in what pro- 
portion must they be mixed ? 

7. Mix the same ingredients, at the same price, so as to 
make the mixture worth 6s. per bushel ; in what proportion 
must they be mixed ? 

8. In what proportion must oats, worth 2s., and wheat, worth 
8s., be mixed, to make the mixture worth 4s. per bushel ? 

9. How can you mix corn, worth 80 cents pef bushel, and 
rye, worth 85 cents, with barley, worth 46 cents, so as to 
make a mixture worth 60 cents per bushel ? 

Here you have three ingredients. First, mix barley with 
one of the dearer ingredients, so as to make a mixture of the 
required value ; then mix barley with the other ingredient, 
and see how much you have taken of each. 

10. Mix 3 sorts of tea, at 25 cents, S3 cents, and 40 cents 
per lb., so as to make a mixture worth 30 cents per lb. 

11. Mix tea at 20 cents, with tea at 45 cents, and tea at 54 
cents per lb., so as to make a mixture worth 38 cents per lb. 

12. If you mix sugar, at 6 cents, 8 cents, 10 cents, and 11 
cents per lb., in what quantities may they be taken, so as to 
make a mixture worth 9 cents per lb. ? 

First, take two of the ingredients, one cheaper and one 
dearer than the mixture ; form a mixture of these ; then take 
the two remaining ingredients in the same way. 

13. If three sorts of spirit, worth 60 cents, 75 cents, and 80 
eents per gallon, are mixed with water costing nothing, what 
must be the proportion to make a mixture worth 70 cents per 
gallon? 

It is immaterial in what way you select the pairs of ingre- 
dients, provided, in each pair, one of the ingredients be cheaper 
and the other dearer than the required mixture. Thus a great 

15 
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variety of answers maj be obtained whenever there is more 
than one pair of ingre^ents. In all cases, however, the cor- 
rectness of the operation may be proved in the following way : 

Find the toted vcdue of all the ingredients ; if this is equcd to 
ike value of. the whole mixture at the required price, the work 
is right, 

14. Mix 5 sorts of grain, at 25 cents, 30 cents, 33 cents, 
45 cents, and 50 cents, so as to make a mixture worth 40 
cents per bushel. 

Case 3. When the quantity of one ingredient is given. 

15. Mix brandy, at 74 cents per gallon, with 24 gallons of 
brandy, at 1 dollar per gallon, so ti^at the mixture may be 
worth 80 cents per gallon. 

Here you observe that the quantity of one of the ingredients 
is given. We will first make a mixture of the two, without 
regard to this circumstance. If I put in 1 gallon at 1 dollar, 
I lose 20 cents. For every gallon at 74 cents, which is put 
in, I gain 6 cents. In order to gain 20 cents, I must, there- 
fore, put in 3 j- gallons. The quantities stand, then, 1 gallon 
at 1 dollar, 3^ gaUons at 80 cents. But I wist to put in 24 
gallons at 1 dollar. To balance this, I must, therefore, put in 
24 times 3^ gallons, at 74 cents ; that is 80 gallons. 

16. Mix sugar, at 8 cents, 11 cents, and 12 cents, with 100 
lbs. of sugar, at 7 cents, so as to make the mixture worth 10 
cents per lb. 

Case 4. When the quantity of the required mixture is given. 

17. Mix oats, at 40 cents, with com, at 60 cents, so as to 
form a mixture of 100 bushels, worth 48 cents per bushel. 

If I put in 1 bushel, at 40 cents, I gain 8 cents ; if I put in 
1 bushel, at 60 cents, I lose 12 cents. To lose 8 cents, there- 
fore, I must put in only § of a bushel. The quantities are, 
then, 1 bushel at 40 cents, f of a bushel at 60 cents ; making, 
when added, 1§ bushels. But 100 bushels is the quantity 
required. 100 : ^ 60. Each ingredient, therefore, must be 
multiplied by 60 ; 60X1=60 ; 60X§=40. The quantities, 
then, are 60 bushels at 40 cents, and 40 bushels at 60 cents. 
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SECTION XXXIV. 

EQUATION OF PAYMENTS. 

If A owes B several sums of money to be paid at differ- 
ent times, he may desire to pay the whole at once, and con- 
sequently to know at what time the whole becomes due. 
This time is found by making an equation of the paymentSy 
tnultipUed by the time, as follows. 

1. A owes B 200 dollars; 100 due Jan. 1, 1844; 100 due 
Jan. 1, 1846 ; he wishes to pay it all at once. At what time 
should he pay it ? 

Now, on Jan. 1, 1844, A is entitled to the use of 100 dol- 
lars for 2 years longer; 100X2=200; equal to the use of 1 
dollar for 200 years. If he is to pay the whole together, he 
must keep the 200 dollars l6ng enough to balance that claim ; 
200)200(1 year, — the answer. The whole should be paid 
one year from Jan. 1, 1844. 

2. A owes B 100 dollars, due in 6 months ; 200 dollars 
due in 12 months ; in how many months should the whole be 
paid together ? 

100 X 6= 600 
200X12=2400 

300: 300)3000 

10 months ; the answer. 

The above is the method usually employed, and is suffi- 
ciently exact for the necessities of business ; but it gives a 
result a little in favor of the debtor ; that is, it makes the 
equated time a little later than it should be. To find the 
exact equated time is a problem far too difficult to be used in 
ordinary business. 

JRttle, Multiply each payment by the length of time be- 
fore it becomes due. Divide the sum of the products by the 
sum of all the payments ; the quotient will express the length 
of time in which the whole is due. 

3. A owes B several sums, due at diffisrent times, as fol- 
lows ; $600 in 2 months, $150 in 3 months, $75 in 6 months; 
what is the equated time for the whole ? 

4 A man owes $1000 ; of which, 200 are to be paid in 3 
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months, 400 in 6 months, and the remainder in 8 months ; 
what is the equated time for the payment of the whole ? 

5. If I owe SI 200, one half to be paid in 3 moi^hs, one 
third in 6 months, and the remainder in 9 months ; in what 
time should the whole be paid ? 

6. A owes B $640 ; 150 due in 30 days, 200 due in 60 
days, and the remainder in 90 days ; what is the equated 
time for the whole ? 

7. A merchant buys goods to the amount of $1800 ; one 
third to be paid in 30 days, one third in 45 days, and the re- 
mainder in 90 days ; what is the equated time for the whole ? 

8. If I owe $1000, half to be paid in 60 days,' and half 
in 120 days, and if I pay $100 down, what will be the 
equated time for the remainder ? 



SECTION XXXV. 

SQUARE MEASURE. 
[See Section XY. Part 1.3 

1. There is a field in the form of a square, 15 rods on a 
side ; how many square rods does it contain ? 

2. If the square be 15^ rods on a side, how many square 
rods will it contain ? 

3. How many square rods are there in a square field meas- 
uring 17 rods on a side ? 

4. If the field measure 17 j^ rods on a side, how many 
square rods will it contain ? 

5. What is the contents of a square field measuring 21^ 
rods on a side ? 

6. What is the area of a rectangular field, its length being 
64 rods, and its breadth, 12^ rods ? 

7. There is a rectangular field, its dimensions being 24^ 
rods, and 76^ rods ; what is the area ? 

8. How many acres are there in a rectangular field, its di- 
mensions being 94 rods and 76^ rods ? 

9. There is a rectangular field containing 7 acres; its 
lengtb is 35 rods ; what is its breadth? 
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10. There is a rectangular farm ; its length being 132 rods ; 
its breadth, 86j^ ; how many acres does it cotftain ? 

11. There is a rectangular lot of land containing 325 
acres ; it measures on one side 176 rods ; what wiU it meas- 
ure oh the other ? 

12. There is a board containing 12 square feet; it is 13 
inches wide ; how long is it ? 

13. A table contains 15 square feet; it is 4 feet long; how 
wide is it ? . 

14. A certain room contains 30 square yards; it is 16 feet 
wide ; how long is it ? 

15. A piece of cloth is If yards wide ; how much in length 
will it require to make 8 square yards ? 

16. There is a room 15 feet by 18; how many yards of 
carpeting, J of a yard wide, will it require to cover it ? 

17. How many feet of boards will it require to cover the 
sides and ends of a barn, as high as to the eaves, — its 
length is 42 feet, width 34, and height 18, — allowing one 
fifth of the boards to be wasted in cutting ? 

18. What will the above-named amount of boards cost at 
$11.50 a thousand feet? 

19. A road 3 J rods wide, passes through a man's land 1 
mile ; how much of his land does it take ? 

20. To what damages will he be entitled, allowing him 28 
dollars an acre ? 

21. There is a right angled triangle ; its base is 64 rods, 
and perpendicular 20 rods ; how many acres does it contain ? 
(See Sec. XVII. Pt. I.) 

22. There is a right angled triangle ; its base is 84 rods, 
and perpendicular 26 rods ; how many acres does it contain ? 

23. There is a right angled triangle ; its base is 49 rods, 
perpendicular 34 rods ; how many acres does it contain ? 

24. There is a right angled triangle ; its area is 640 rods ; 
the base is 64 rods ; what is the perpendicular ? 

25. A right angled triangle has an area of 1092 rods ; its 
base is 60 rods ; what is the perpendicular ? 
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DUODSCIXAXS* 



SECTION XXXVI. 



DUODECIMALS. 



In measuring wood and lumber, the dimensions are taken 
in feet and inches. As one inch is -]^ of a foot, the multipli- 
cation of feet and inches by feet and inches, is the same as 
multiplying integers and twelfths by integers and twelfths. 
Take the following example : 



1. What is the contents of a 
board 3 feet 7 inches long, and h 
2 feet 4 inches wide? 



Operation. 
3 T^ 

2 A 



6 it Vft 



2« 



Ans. 6 ff 



This answer may be reduced to more simple terms, -j^ 
=A"}~tJ? ; adding -A+f S^=f |> and this again = 2 feet-f- 
^ ; adding the 2 feet to the 6 feet^ the answer stands 8 feet 

As the fractions decrease in value at a twelve fold rate, 
whenever the numerator exceeds 12, the excess may be set 
down, and the one or more carried to the next higher fraction. 



2. Multiply 5 feet, 2 inches, 
by 11 feet, 9 inches. 



5 

11 



A 



3 

56 



« 
ii 



xfc 



V. 



Ans. 60 ^ xf^. 



To render the operation more simple, call the 12ths or 
inches, primes^ (marked ') and the 144ths or fractions of the 
second order, seconds, (marked " ;) then begin with the lowest 
order and multiply, setting each product in its own place, 
with the mark appropriate to express its value. 



8. Multiply 13 ft. 5 in., by 2 ft. 
11 in. 



ft. 



13 


5 




2 


11 




12 


3' 


7" 


26 


10 





Ans. 39 1' 7' 
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4 Multiply 3 ft. 9 in. by 7 ft. 4 in. 

5. Multiply 9 ft;. 8 in. by 4 ft. 9 in. 

6» Multiply 15 ft. 2 in. by 9 ft. 1 in. 

7. Multiply 8 ft;. 6 in. by 2 ft;. 4 in. 

8. What is the contents of a .board, 14 ft;. 5 in. hmg, and 

1 ft. 1 in. wide ? 

9. How many feet in a load of wood, 8 ft. 6 in. long, 4 ft. 

2 in. wide, and 3 ft. 7 in. high ? 

Multiply two of the dimensions together, and that product 
by the third dimension. 

10. How much wood in a load 11 ft. 3 in. long, 4 ft. 4 in. 
wide, 3 ft. 11 in. high? 

Divide the cubic feet by 128 for cords, and the remainder 
by 16 for cord feet, or eighths of a cord. 

11. How much wood in a pile 38 ft. 6 in. long, 4 ft. 2 in. 
wide, and 4 ft. high ? 

12. How much wood in a load 9 ft;. 4 in. long, 4 ft. 3 in. 
wide, 3 ft. 8 in. high ? 

13. How much wood in a load 7 ft. 8 in. long, 4 ft 2 in. 
wide, 3 ft. 4 in. high ? 

14. How much wood in a load 8 ft;. 2 in. long, 4 ft. wide, 
4 ft. 3 in. high? 

15. How many cords of wood will a shed contain, whose 
dimensions inside are 22 ft. 6 in. long, 10 ft. 6 in wide, 7 ft. 
8 in. high ? 

16. Three men own equal shares in a lot of wood lying in 
two piles 5 one pile is 13 ft. 4 in long, 4 ft. 3 in. wide, 4 ft. 4 
in. high ; the other pile is 17 ft. long, 4 ft. wide, 3 ft. 10 in. 
high ; how much wood is each man share ? 



SECTION XXXVII. 

EXTRACTION OF THE SQUARE ROOT. 
CSce Section XVI. Part I.] 

This operation will be best understood, by taking first the 
simplest case, where the number is an ezHibt square, and the 
root containing only two figOFOS.. 
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What is the square 
root of 196? 



Operation. 

196 
100 



10 Ist part of the root 
4 2d part of the root 



20) 96 14 Ans. 

' 80 
16 

96 

00 



Place a period' over the unit figure ; another over that of 
hundreds. This will show how many figures there will be in 
the root ; for the square of a number has always either twice 
as many figures as the number, or one less than twice as 
many. Find the greatest square of tens in the first period, 
(in the given example, 100,) and set its root (10) in the 
quotient. This will be the first part of the root. Square 
the root ; subtract the square from the first period, and bring 
down the figures of the next period for a dividend. To the 
left hand, place double the part of the root already found for 
a trial divisor. Find by trial, what the next figure of the 
root must be, and set it down under the first part of the root 
This is the second part, or unit figure of the root [In try- 
ing for this figure, remember, that it must be so small that 
when the divisor shall be multiplied by it, and the square of 
itself shall be added to the product, the sum shall not ex- 
ceed the dividend.] Multiply the divisor by the new figure 
of the root; to this add the square of the same figure, and 
subtract the sum from the dividend. If the number is an 
exact square of two periods, as in the above example, there 
will be no remainder; and the two parts of the root thus 
found, when added together, will give the whole root. 

2. What is the square root of 225 ? 

3. What is the square root of 289 ? 

4. What is the square root of 361 ? 

5. What is the square root of 625*? 
6» What is the square root of 784 ? 

7. What is the square root of 851 ? 

8. What is the square root of 961 ? 

If there are more than two periods, first consider only th'> 
two left hand periods, and find their root as above directed ; 
then consider the part of the root expressed by these two 
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figures as the first part with refc^pence to the next figure, (to 
indicate this, you must annex a cipher ;) and work for the 
next ; and so on. 

9. What is the square root of 15625 ? 

10. What is the square root of 60516? of 104976? 
of 213444 ? 

Square Root of a DecimaL 

If there are decimals in the number, point off each way 
from the place of units; adding a cipher, if necessary, to 
make the right hand period complete. 

11. What is the square root of 2.56 ? 

12. What is the square root of 2.25 ? 

13. What is the square root of 156.25 ? 

14. What is the square root of 13.69 ? 

15. What is the square root of 88.36 ? 

16. What is the square root of 1.69 ? 

17. What is the square root of .81 ? 

18. What is the square root of .01 ? 

Square Root of a Vulgar Fraction, 

To obtain the square root of a vulgar fraction, find the 
square root of the numerator, and of the denominator, and 
write the former over the latter. 

19. What is the square root of f ? 

20. What is the square root of ^ ? 

21. What is the square root of -^ff ? 

22. What is the square root of j|f ? 

The correctness of the answer may always be tested by 
multiplying the answer found, by itself; if correct, it will 
reproduce the original square. 

23. What is the square root of |- ? 

24. What is the square root of ^ ? 

Another Method of finding the Root of a Fraction. Reduce 
the fraction to a decimal, and proceed as already directed in 
the case of decimals. 

25. What is the square root of j^ ? The square root of 1 
is 1, the square root of 4 is 2 ; ans. j- ; or reduce ^ to a ded- 
nia]^=.25 ; square root, .5, answer. 

If the number is not a complete square, annex periods or 
ciphers, as decimals, and carry the operation as &r as desired* 
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26. What is the square root of 70 ? 

27. What is the square root of 90 ? 

28. What is the square root of 60 ? 

29. What is the square root of 200 ? 

30. There is a field in the form of a square, containing 1 
acre ; how many rods does it measure on a side ? 

31. There is a right angled triangle ; its hypotenuse meas- 
uring 60 rods. What is the sum of the squares of the two 
legs ? (See Sec. XVII. Part I.) 

32. There is a right angled triangle ; the squares of its 
legs added together are 81 rods ; what is the length of the 
hypotenuse ? 

33. There is a right angled triangle ; its legs measure, — 
one 25, the other 30 i-ods ; how long is the hypotenuse ? 

34. Two men start from the same place; one travels 8 
miles east ; the other, 15 miles north ; how far are they then 
apart? 

35. A ladder 40 feet long stands against a house, the foot 
resting on the ground, on a level with the foundation of the 
house, and 20 feet distant from it ; how far up will it reach ? 

36. The floor of a room measures 16 feet in length, and 14 
feet in width ; how long a line will reach diagonally from 
comer to corner ? 

37. The two parts of a carpenter's square, one 12, the othor 
24 inches long, may be regarded as the legs of a right anglf<J 
triangle ; how long would be the hypotenuse connecting their 
extremities ? 

38. There is a room 16 feet long, 14 feet wide, and 10 feet 
high ; how long must a straight line be, reaching from a 
corner of the room, at the bottom, to the diagonal comer, at 
the top ? ^ 

39. There is a room, the length, breadth, and height of which 
are each 10 feet ; how far is it from a comer of the room at 
the bottom, to the diagonal corner at the top ? 

N 40. There is a room, the length, breadth, and height of which 
are equal ; the distance from a corner, at the bottom, to the 
diagonal comer at the top, is 18 feet ; what is the size of the 
room? 

41. I have a cubic block, measuring 4 inches each way ; 
how far apart are its diagonal corners ? 

42. How large a cube can be cut from a sphere which is 1 
foot in diameter ? 
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EXTRAGTION OF THE CUBE ROOT. 
[See Section XIX. Part I.] 

We will first consider those numbers the cube root of which 
is expressed by a single figure. Every exact cube of not more 
than three figures, will have for its root some number less 
than 10, and, consequently, it will be expressed by a single 
figure. This root can be found by successive trials. 

Examples. 

1. What is the cube root of 125 ? 

2. What is the cube root of 216 ? 
8. What is thp cube root of 512 ? 
4. What is the cube root of 729 ? 

We win next take perfect cubes, the root of which consists 

of two figures. operation. 





800 
30 


4096 
1000 


10, 1st part of the root 
6, 2d part of the root. 


5. What is the cube 


330 


3096 


16, Answer. 


root of 4096 ? 


1800 

1080 

216 

8096 





0000 

Rvle, Place a period over the unit figure, and another 
over that of thousands. Find the greatest cube in the first 
period, whose root is expressible in tens. Set down this root 
as a quotient in division ; find the cube of the root, and sub- 
tract it from the first period, and bring down the second period 
as a dividend. At the left hand of this set down three times 
the square of the root, and under this three times the root ; 
add these together, for a trial divisor. Find, by trial, what the 
next figure of the root will be, and set it under the first part 
already found. Multiply, by this figure, three times the square 
of the first part of the root, setting the product under the 
dividend. Multiply, by the square of this figure, three times 
the first part of the root, setting the product underneath the 
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Other ; under these set the cube of the root figure last found. 
Add these three numbers together, and subtract their sum 
from the dividend. If the work be correct, there will be no 
remainder. Add together the two parts of the root for the 
answer. 

6. What is the cube root of 2744 ? 

7. What is the cube root of 357S ? 

8. What is the cube root of 4913 ? 

9. What is the cube root of 9261 ? 

10. What is the cube root of 13824 ? 

11. What is the cube root of 46656 ? 

We will next consider the case where there are more than 
two figures in the root The number of figures in the root 
can always be determined by the number of periods placed 
over the sum, beginning with units, and placing a period over 
every third place. If there are more than three periods in 
the cube, r^ard, first, only the two lefl hand periods, obtain- 
ing the first and second figures of the root, just as if they 
constituted the whole root. Then, after bringing down the 
figures of another period, add the two parts of the root, and 
consider their sum as the first part of the root, and proceed to 
find the next part To indicate this, you must annex a cipher 
to the figures of the root already found. 

12. What is the cube root of 1953125 ? 

13. What is the cube root of 2406104 ? 

14. What is the cube root of 3796416 ? 

If there are decimals in the given sum, point off both ways 
from the units' place, adding ciphers, if necessary, to the deci- 
mal, in order to make the period complete. 

15. What is the cube root of 15.625 ? 

16. What is the cube root of 35.937 ? 

If the number given is not a perfect cube, add periods of 
ciphers, and carry out the root in decimals as far as may be 
^desired. 

17. What is the cube ropt of 10 ? 

18. What is the cube root of 20 ? 

19. What is the cube root of 50 ? 

20. What is the cube root of 100 ? 

21. A bushel, even measure, contains 2152 solid inches; 
what would be the inside measure of a cubic box containing 
12 bushels ? ^ 
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22. A gaUon, wine measure, contains 281 cuMc inches ; 
what must be the inside measure of a cubic cistern containing 
10 barrels ? 

23. What would %e the measure of a cubic pile of wood, 
containing one cord ? 



SECTION XXXIX. 

PROPORTION. . 
[See SecUon XX. F&rt I.} 

Several changes that may be made in the terms of a PiOi 
portion, are exhibited in page 105. In continuing the subject, 
we will first state some further changes that maj be made in 
ihe terms without destrojing the proportion. 

1. Multiply all the terms by the same number. 

2. Divide all the terms by the same number. 

3. Add the terms of the first ratio for the first antecedent^ 
and the terms of the second ratio for the second antecedent. 

4. Add the terms of the first ratio for the fiist consequent 
and the terms of the second ratio for the second consequent 

5. Instead of the sum of the terms in the third case above,* 
take the difference of the teims. 

6. Instead of the sum of the terms in the fourth case abov^ 
take the difi<^aice of the termjs. 

7. Raise each term to the same power, as second or thivd 
power. 

8. Extract of each term the same root 

The result, after each of these operations, will still be a. 
proportion, and may be proved to be so, by multiplying the 
tixU'emes together, and finding the product, equal to that of 
the means. « 

Take the proportion, 4 : 16 ; : 9 : 86, and perform oa it the 
iM change, using any number you please for a multiplievv' 
and then prove the proportion. 

Perform on the same proportion the seeond change. 

Perform the third change. 

Perform the fourth change. 

Perfonn^ thcfifth change. 

16 H 9 
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Perform the sixth change. 

Perform the seventh change, raising to the second power. 

Perform the eighth change, extracting the square root 

Finally, you inay, in any case, invert the whole proportion ; 
or, invert the terms of each ratio ; or invert the means, or the 
extremes. 

Practical Questions* 

1. If 7 lbs. of flour cost 31 cents, what will 196 lbs. cost ? 
As the smaller quantity is to the larger quantity, so is the 

price of the smaller quantity to the price of the larger. 

2. If 3 cwt. of hay cost 2 doUai-s, what will 35 cwt. cost ? 

3. If 4 qts. of molasses cost 38 cents, what will 10 qts. cost? 

4. If a horse travels 19 miles in 3 hours, how far will he 
travel in 11 hours ? 

5. If the freight of 7 cwt. cost 2 dollars, what will the 
freight of 20 cwt. cost ? 

6. If 11 dollars buy 3 cords of wood, how many cords will 
50 dollars buy ? 

7. If 7 bushels of oats last a horse 2 months, how long will 
28 bushels last him, at the same rate ? 

8. A man bought a horse for 84 dollars, and sold him for 
$93 ; what did he gain per cent. ? 

As the whole outlay is to 1 dollar, so is the" whole gain to 
the gain on a dollar. 

9. A merchant buys flour at $4.35 a barrel, and sells it for 
$4.68 ; what is his gain per cent.? 

10. A and B form a partnership in trade ; A puts in S500, 
and B $300, for the same time ; they gain $180 ; what ought 
each to share ? 

As the whole stock is to each one's share, so is the whole 
gain itoi !each one's gain. 

11. C and D trade in company; C puts in 750 dollars, and 
D $450, for the same time y they gain 240 dollars ; how much 
gain ought eacli to receive ? , 

12. Two men buy a lot of wood in company for 340 dollars ; 
one takes away 42 cords, the other the remainder, which was 
34 cords ; what ought each to pay ? 

13. Two men hire a sheep-pasture in company for 20, 
dollars ; one keeps 30 sheep in it 14 weeks ; the other 24 
■heep, 16 weeks ; what ought each to pay ? 

Find how many weeks' pasturing for a single fthe^p each 
had. 
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14. Two men purchase a lot of standing grass for $36.50; 
one takes 3} tons, the other 1| tons ; what ought each to pay? 

Reduce the quantity of hay to fourths of a ton, and then 
state the proportion. 

15. There is a circular piece of ground, whose diameter is 
14 rods ; what will be the diameter of a circle containing 
twice as much ? ^ 

16. There is a circular piece of ground containing 2.5 
acres ; what will be the area of a circle, the diameter of 
which is 3 times as great ? 

17. There are two similar triangular fields ; the smaller 
contains 3 acres, the larger 4 ; the base of the smaller is 44 
rods ; how long is the base of the larger ? 

18. There are two similar rectangular fields ; the smaller u 
84 rods wide, and 60 rods long ; the other has twice as great 
an area ; what are its dimensions ? 

19. There is a grindstone 4 feet in diameter; what will be 
its diameter after half of it is ground off? 

20. There are two similar triangular pieces of land ; the 
base of one measures 44 rods ; the other piece has an area 7 
times as large as the first ; what is the length of its base ? 

21. There are two cisterns of the same shape ; one is 5 
feet deep jthe other has a capacity three times as great ; how 
deep is it ? 

22. If a ball 5 inches in diameter, weighs 14 lbs., what 
will be the weight of one of the same material 6 inches in 
diameter? , 

23. What, on the same supposition, will be the weight of a 
ball of 7 inches diameter ? 

24. There are two marble statues of the same form, l)ut 
differing in size ; one is 5 feet high, and weighs 740 lbs. ; the 
other is 7 feet high ; what will it weigh ? 

25. If a tree 2^ feet in diameter at the ground, oontaini 8 
cords of wood ; how much will there be in a tnee of the same 
8faaf)e, 3^ feet in diameter ? 

26. There are two similar stacks of hay ; the smaller is 
Hi feet high, and contains 4 J tons of hay; the larger is 14 
feet high ; bow much hay does it contain, supposing both to 
be of the same solidity ? 

27. If an iron field piece 5^ feet long, weighs 1140 Ibt.* 
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how many lbs. will an iron cannon of the same shape weigh, 
dxat is lOf feet long? 

28. There are two anchors of similar form ; the smaller 
weighs 1100 lbs., the larger is 2} times as long; what is its 
weight ? 

' When a cause and an effect are connected together, the 
increase of the one is tilwajs connected with an increase of 
the other. If 6 horses eat 20 bushels of oats, we may regard 
the horses as the cause, and the consumption of the oats the 
effect ; or, if we please, we may regard the oats as the cause, 
and the support of the horses as the effect. But in either 
case, an increase of one would require an increase of the 
other. When numbers are connected in this way, in a pro- 
portion, having the relation of cause and effect to each other, 
the proportion is said to be Direct 

But it oflen happens, that quantities are connected togeth- 
er, not as cause and effect, but as limitations of each other ; 
where an increase of one quantity requires a diminvtion of 
the other. 

Thus, if the provisions of a ship's company are sufficient to 
last 17 weeks at the rate of 13 oz. of bread per day for each 
man, it is evident .that these quantities, 17 and 13, are not 
cau3e and effect, but limitations of each other. If one is in- 
creased, the other must be diminished. So, if, with a speed 
of 11 miles per hour, a journey be performed in 31 hours, it 
is evident that an increase of one term must diminish the 
other. When quantities mutually limiting each other enter 
i^tQi a proportion, it is caUed Indirect proportion, 'No special 
rule however is needed for the statement of such questions ; 
for you can always determine by strict attention, whether the 
statement you make is reasonable. 

29. If, with a speed of 1 1 miles per hour, a journey is 
pierformed in 37 hours, how long will it take to perform the 
same journey with a speed of 15- miles per hour? 

30. If a stable keeper has grain for the supply of 29 
horaes 43 days, how long will the supply last, if he buys 6 
horses more ? 

.31. If a barrel of flour last a family of 7 persons 6 weeks, 
how long will it last 15 persons ? 

32. If 42 men can do a job of work in 60 days, how long 
will it take 53 men to perform the same work ? 
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33. A fihip builder employs 50 men to complete a ship, 
which thej can do in 45 days ; if 7 of the men fail to engage 
in the work, how long will it take the others to perform it ? 

34. If 8 yds. of cloth, 7 qra. wide, cost 54 dollars, what 
will be the cost of 15 yds. of cloth, of the same quality, 9 
qrs. wide? 

In this example, the length of the two pieces of cloth will 
not represent the ratio of their values, for they are of differ- 
ent widths. The answer can be found by two statements. 
First, regarding the two pieces as of tie same width, 

8 : 15 : : 54 : 101^ dollars, first ans. 

Next, taking the width into view, 

7:9:: lOlJ : 130|^\ dollars, final ans. 

If we examine the above question, we shall see, that in 
neither of them is the quantity of cloth expressed ; but, in 
the first statement, its length, and in the second, its width. 
Now the quantity of cloth is expressed by the length multi- 
plied by the breadth. In the smaller piece, it is 7X8=56 
qrs. of a sq. yard ; in the larger piece, it is 15X9=135 qrs. 
of a sq. yard. These numbers, 56 and 135, express the 
quantities of cloth ; and taking these, instead of the dimen- 
sions, a single proportion gives us the answer. 

56: 135 ::54: 130^. 

As the question is first stated, you observe, that, instead 
of the numbers which fonn the ratio, 56 : 135, you have 
only the factors of those numbers given. This is called a 
Compound Proportion, 

A Compound Proportion^ then, is one in which two or more 
of the terms of the simple proportion are expressed in the form 
of their factors. 

Every question containing a Compound- Proportion may 
be solved by means of two or more simple proportions ; or, it 
may be reduced to one simple proportion, as is seen in JSSe. 
84, above. This method, however, often requires calculations 
in large numbers; it may therefore be desirable to have a 
method given by which the process may be made less tedions. 

The following rule is offered, as applicable to all cases of 
Proportion, Simple, or Compound, — Direct, or Inverse. It is 

16* 
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^liort, •nd the attention required in applying it ¥nll afford a 
good discipline for the reasoning powers. 

jRule of Proportion. 

Draw a horizontal line ; then examine the conditions of 
the question, and consider, in the case of each, whether its 
increase would make the answer greater, or smaller; if it 
would make it greater, set it above the line ; if smaller, set it 
below. ^ 

Regard the numbers thus set down, as the tenns of a com- 
pound fraction ; cancel common factors ; multiply together the 
terms that remain, for the answer. 

Example. 

35. If 8 men buUd a waU, 36 ft long, 12 ft. high, and i 
ft. thick, in 72 days, when the days are 9 hours long, how 
many men will build a wall 100 f^. long, 10 ft high, and 3 ft 
thick, in 24 days, when the days are 10 hours long ? 

Cancelling like factors above and below the line, 
op«ratioD. and multiplying the remaining terms. 

8 72 9 100 10 3 

-— — -— — — — - — ==attii--:37i men. Answer. 
36 12 4 24 10 . ^ 

£!jplanation. 

The question is, "how many men?" "If 8 men will 
build," &c. Now, if it took 80 men to build the first wall 
instead of 8, it would require more men to build the second j 
then put 8 above the line. " Build a wall 36 fl. long." If it 
were 360 feet long, instead of 36, it would take fewer men to 
build the second wall ; therefore, put 36 below the line. Pur- 
•tie the same reascming with all the other conditions. 

36. If 15 horses consume 40 tons of hay in 30 weeks, 
kow many horses will consume 56 tons of hay in 32 weeks ? 

37. If 1 dollar gain .06 of a dollar interest, in 12 months, 
how much will 740 dollars gain in 8 months? 

38. If a crew of 75 men have provisions for 5 months, 
allowing each man 30 oz. per day, what must be the allow- 
anoe per day, to make the provisions last 6^ months ? 

39. If 18 brick layers, in 12 days, of 9 hours each, build a 
wall 176 feet long, 2 ieet thick, and 18 feet high, in how 
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many days will 6 men, working 10 hours each day, build a 
wall 100 feet long, 1^ feet thick, and 16 feet high ? 

40. If 10 masons lay 160 thousand of bricks in 12 days, 
working 8 hours per day, how many men will lay 224 thou- 
sand in 15 days, of 10 hours each ? 

41. Two men trade in company ; one puts in 1000 dollars ; 
the other 2000, for the same length of time ; they gain 600 
dollars ; what is each one*s share of the gain ? 

It is evident that each map's share ought to be in propor- 
tion to the sum he put in. 

As the whole investment is to each partner's investment, so 
is the whole gain or loss, to each partner's gain or loss. 

42. Two men trade in company ; one puts in 8500 dollars ; 
the other 4000 ; they gain 600 dollars ; what is each one's 
share of the gain ? 

43. Three men trade in company ; the first puts in 3400 
dollars; the second, 800; and the third, 1200 dollars; they 
gain 475 dollars ; what is each partner's share ? 

44. Two men purchase a ship for 11000 dollars; one pays 
8000 dollars ; the other 3000 ; they sell the ship for 9500 
dollars ; what was each one's loss ? 

45. Two men trade in company ; one puts in 1000 dollars 
for 6 months, the other puts in 1000 for 18 months ; they 
gain 600 dollars ; what was each one's share of the gain ? 

Here, though the money was equal, it is evident the gain 
of one ought to be three times as great as the other, because 
his money was in three times as long. 

Where the investments are made for different times, each 
partner's interest will be expressed by multiplying his money 
by the time it was in trade. Then, as the sum of all the in- 
terests is to each partner's interest, so is the whole gain ot 
loss, to each partner's gain or loss. 

46. Three men trade in company ; the first puts in 400 
doHars for 8 months ; the second, 1100 dollars for 6 months; 
the third, 1000 dollars for 7 months ; they gain 840 dollars ; 
what is each man's share ? 

47. Four men trade in company ; the first puts in 1200 for 
2 years ; the second, 1500 dollars for 18 months ; the third, 600 
for 8 months ; the fourth, 900 dollars for 6^ months ;. they gain 
1340 dollars ; what was each man's share "^ 
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SECTION XL. ; 

PROGRESSION. 

When a series of numbers is given, each one of which has 
the same ratio to the number which follows it, the series is 
called a progression. 

Progression is Arithmetical or Greometrical. Arithmetical 
Progression is made by the successive addition or subtraction 
of a common difference. When the common difference is 
added to each term in order to make the succeeding one, the 
series is called an ascending series; as 1, 3, 5, 7, 9, 11, &c. 

When the common difference is subtracted, the series is 
called a descending series; as 11, 9, 7, 5, 3, 1. 

If you know the first term, and the common difference of 
an Arithmetical Progression, you can write the whole series, 
for to do this, you have only to add or subtract the common 
difference for each succeeding term. If the whole series is 
written out, it is evident you can find by inspection, any par- 
ticular term, as the 7th, the 15th, the 20th, &c. But, if the 
series be a long one, this may be a very tedious operation. 

Suppose the series given above, 1, 3, 5, 7, &c, were con- 
tinued to 87 terms, and you were required to find what was 
the last term. 

By examining the seiies, you will see that the 2d term==the 
Ist-f-the common difference ; the 3d=lst-|-twice the com- 
mon difference ; the 4th=l8t-j~3 times the common differ- 
ence; the 5th=lst-|-4 times the common difference, &c 
Any term whatever equals the Ist term^-^the common difference, 
multiplied by a number one less than thai which expresses the 
place of the term. The 87th term in the above series, there- 
fore, is 1+2X86=173. 

1. What is the 38th term of the series 1, 8, 5, 7, &c. ? 

2. What is the 53d term of the st^e series ? the Slst 
term? the 89th term ? the 107th term? 

3. In an arithmetical series, the first term of which is 1, 
and the common difference 3, what is the 64th term ? the 
75th term ? the 81st term ? 

4. In the series 1, 5, 9, 13, &c., what is the 40th term? the 
67th term? the 80th term ? 
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# 

5. In the series 2, 4, 6, &c., what is the 45th term ? What 
18 the 100th term ? What is the 200th term ? 

Ifence, if you know the number and place of any term, and 
the common difference, you may find the first or any other term* 

6. If the 5th term of an arithmetical series is 13, and the 
common difference 3, what is the 1st term ? What is the 
24th term ? What is the 191st term ? 

7. If the 6th term of a series is 77, and the common differ- 
ence 15, what is the 2d term ? What is the 14th term ? 

8. If the 2 2d term in a series is 89, and the common differ- 
ence 4, what is the 10th term ? What is the 43d term ? 

By knowing the number and the place of any two terms^ tpt 
may find the common difference, 

9. In a certain series the 4th term is 10, and the 7th tt^rm 
is 19 ; what is the common difference ? 

19 — 10=9 ; now this difference, 9, is made by the addition 
of the common difference three times ; for 7 — 4==3 j the com- 
mon difference, therefore, is 9-r-3=3. 

10. In a certain series the 5th term is 9, and the 11th term, 
is 21 ; what is the common difference ? 

11. In a certain series the 4th term is 13, and the 9th term 
is 33 ; what is the common difference ? 

If we know the 1st term, the common difference, and the 
number of terms, we can find the sum of all the terms. 

12. How many strokes does a clock strike in 24 hours, froni 
noon to noon ? 

We might write down the series, 1, 2, 3, &c., up to 12, 
which would express the number of strokes in 12 hours, from 
npon till midnight ; we might write the same series again, for 
the time from midnight till noon ; and by adding these num- 
bers together, might obtain the answer. But alnuch shorter 
way may be found. To exhibit it we will write the two series 
thus: 

U^Mfies, 12345678 9 10 11 12fin>mnoontminidiilfflit 
MieriM, 12 11 10 98765432 1 frommidnigkttmiiowi. 

13 13 13 13 13 13 13 13 13 13 13 13 

Sum of both series equal to 12 times 13. But 13 is the 
sum of the first and last terms ; and 12 is the number of terms. 
Therefore, the sum of the first and last terms, mtdtiplied by th$. 
number of terms, gives the sum of all the terms of both series. 
Half this number will be the sum of one series. 
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13. What is the sum of the series 1, 4, 7, to 20 terms ? 
First find the 20th term. 

14. What is the sum of 50 terms of the series 2, 6, 10 ? 

15. A farmer instructed his boy to carry fencing-posts from 
a pile to the holes in the ground where they were to be in- 
serted, taking one post at a time ; the holes are 1 2 feet apart^ 
in a straight line, and the pile of posts 30 feet from the first 
hole; how far must he travel, in carrying to their places 100 
posts ? 

16. If the hours in a whole week were numbered in regular 
progression, and were struck in this way by the clock, how 
many strokes must the clock strike for the last hour of the 
week ? 

What would be the whole number of strokes in the week ? 

* If we know the first and last terms and the common differ- 
ence, we can find the number of terms. 

17. The first term of a series is 4; the last term is 19; the 
common difference is 3 ; what is the number of terms ? 

The difference between the extremes 19 — 4, is 15; this, 
you know, is the common difference 3 ; taken a certfdn number 
of times ; 15-f-3=5 ; there are then 5 additions of the common 
difference ; now the number of terms is 1 more than the num- 
ber of times the common difference has been added. To find 
the number of terms, then 

F'ind the difference of the extremes ; divide it hy tJie common 
difference ; increase the quotieiit hy \for the number of terms. 

DESCENT OF FALLING BODIES. 

18. A body falling through the air falls, the 1st second, 
16.1 feet;* in the 2d second, 48.3 feet ; in the 3d second, 80.5 
feet ; how many i?et farther does it fall each second than it 
fell the second before ? 

19. Taking the answer to the preceding question as the 
common difference, and 16.1 as the first term of a series, how 
far will a body fall in 4 seconds ? 



* This is a more exact statepicnt than that made in Part I. See Ohn- 
stead's Natural Philosophy. It should be remarked, also, that no allow- 
a'nce, in these examples, is made for the resistance of the atmosphere, 
which always diminishes the speed somewhat, and becomes greater and 
greater a» the speed increases. 
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20. How far will a body fall in 5 seconds ? 

21. How far will a body fall in 6 seconds ? 

22. There is a tower 100 feet high ; in how many seconds 
will a stone faU from the top of it to the ground ? 

Remember, you have the sum and the common dififerenOfB 
given ; the seconds will be the number of terms. 

93. There is a monument 220 feet in height ; in how many 
seconds will a stone fall from the top of it to the ground ? 

24. If a stone dropped into a well strikes the water in 8 
geooads, how far is it «to the surface of the water ? 



SECTION XLI. 

GEOMETRICAL PROGRESSION. 

A series of numbers such that each is the same part or the 
same multiple of the number that follows it, is called a geomet- 
rical series. The ascending series, 1,3, 9, 27, is of this kind, 
for each term is one third of that which succeeds it. So, in 
the descending series, 64, 16, 4, 1, each term is 4 times the 
following term. 

The number obtained by dividing any term by the term 
before it, is called the ratio of the progression. Thus, in the 
first of the above examples, the ratio is 3 ; in the second exam- 
ple it is ^. 

Let us take the series, 2, 6, 18, 54, and observe by what 
law it is formed. The rafio is 3 ; the first term, 2. Th6 
second term is 2X3, or the first term X the ratio ; the third 
term is 2X3^, or the first term X the second power of the 
ratio ; the fourth term is 2X3^, or the first term X the third 
power of the ratio. 

Thus each term consists of the first term midtiphed hy ih€ 
ratioy raised to a power whose index is one less than the number 
expressing the place of the term, 

1. What is the 7th term in the series 1, 4, 16, &c. ? 

2. What is the 10th term in the series 3, 6, 12, &c ? 

. 3. A. glazier agrees to insert a window of 16 lights for what 
the last light would come to, allowing 1 cent for the first U|^ 
2 for the second, and so. pa; what &.tke window coit? • 
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4. If, in the jear 1850, the population of the TJmted States 
shall be 20000000, and if it shall thenceforward double once 
in every thirty years, what would be the population in 1970 ? 

To obtain the sum of the terms, when the first and last 
terms are given, and the ratio. 

Rule. -^ Multiply the last term by the roiio, mbtra^t ihtfirU 
term from this product^ and divide the remainder by the rtdio 
diminished by one. 

5. A gentleman promises his son, 11 years old, one xsSSl 
when he shall be 12 years old, and, on each succeeding birth- 
day till he is 21 years old, ten times as much as on the pre- 
ceding birth-day ; what will the son's fortune be, without 
interest, when he is 21 years old ? 



SECTION XLII. 

BfENSUBATION OF SUKPACES. 

For the mensuration of the triangle and the parallelogram, 
when the base and height are known, see Sec. XVII. Part I. 

To find the area of an equilateral triangle when the sides 
only are known. 

Square one side ; myUiply thai product by the decimal .439* 

To find the circumference of a circle, when the diaoneter is 
known, 

MaUiply the diameter by 3.1416. 

1. What is the circumference of a circle the diameter of 
which is 36 feet? 

2. What is the circumference of a circular raee-conrse 
vthoflte diameter is 1^ miles ? 

3. What is the circumference of a wheel the diameter of 
which is 24 feet, 6 inches ? 

4. What ia the circumference of the eapth on the MiM of the 
equator, its diameter being 7925.65 miles ? 

To find the diameter of a circle, when the ckeomferenoe is 
known, 

dmmn^mm by a.l4d4.- 
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5^ How &r is it across a circular pond the- diametev of 
VWch is 231 rods ? 

4 

To find the area of a circle, when the diameter and cireum- 
ference are known, 

Multiply the circumference by one fourth of the diameter; or, 
multiply the square of the diameter by the decimal .7854. 

6. What is the area of a circle whose diameter is 34 rods ? 

7. What is the area of a circle whose diamet^ is 24 feet ? 

When a circle is given, to find a square, which shall have 
an equal area, 

Mnd the area of the circle, extract the square rootj lohich 
wiU he one side of the square. 

8. There is a circular piece of land, 40 rods in diameter ; 
what will be the side of a square of equal area ? 

9. There is a circular green, containing 8 acres ; what will 
be the side of a square of equal area ? 

. 10* There is a emsle 35 n>d» in diameter, and a square 81 
rods ; which is the greater ; and how much ? 



SECTION XLIII^ 

MENSURATION OF SOLIDS. 

A pkme solid is bounded by fiat surfaces; a round solid is 
bounded by curved surfaces. 

To find 1ift& aurfisKM of a solid bounded by plane snrfisteeB, 
Find thg eena of each plane swfaee, and tkdd the sutne tth 
gelk&^fer ^ wheh surface* 

A piBsm is a solid^ whose ends are any equal, pandlel^ and 
similar rectileneal figures, and whose sides are parallek>gran!A. 

To find the solidity of a prism, 

Multiply the area of the base hy the height* 

1. What is the solidity of a prism whose ends are equilat- 
eral triangles, 14 inches on a side, and whose height is 8 feet ? 

A cylinder is a round solid, whose ends are equal and 
parallel circles. ^ 

To find the solidity — the same rule as for a prism. 
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« 

2. What is the solid contents of a cylinder, whose ends are 
circles 18 inches in diameter, and whose height is 12 feet? 

A regular pyramid is a solid, whose sides are equal and 
similar triangles, meeting in a point at the top. The slant- 
height is the distance from the poiilt, at the top, to the middle 
of the base of one of the triangles. 

To find the solid contents of a pyramid, 
Mukiply the area of the base hy one third the perpendicular 
height, 

3. What is the solid contents of a four-sided pyramid, whose 
base measures 40 feet on a side, and whose height is 42 feet ?^ 

A cone is a round solid, standing on a circular base, and 
terminating at a point in the top. 

To find the solidity of a cone — the same rule cu for a 
pyramid. 

4. What is the solidity of a cone, whose base is 13 feet in 
diameter, and whose height is 22 feet ? 

5. What is the solidity of a cone, whose base is 4 feet in 
diameter, and height 18 feet ? 

To find the surface of a sphere. 
Multiply the diameter by the circumference. 

6. How many square miles of surface has the earth, regard- 
ing it as a sphere the diameter of which is 7925.65 miles ? 

To find the solidity of a sphere. 

Multiply the surface by -^ of the diameter ; or, miullq>ly th 
cube of the diameter by the decimal .5236. 

To find the measure of a sphere, when the solidity is given, 
Divide the solidity by the €lecimal .523^ ; extract the cube 
root of the quotient^ which unll be the diameter of the sphere* 

7. What is the solid contents of a sphere the diameter of 
which is 14 inches ? 

8. What will be the solidity of the largest sphere that can 
be cut from a cubic block 1 foot on a side ? 
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SECTION XLIV. 

MISCELLANEOUS THEOREMS AND QUEST^NS. 

Given tbe sum and t)ie difference of two numbers, to find 
the larger and the smaller numbei*s, 

. Add half the difference to half the sum^for the larger ; nfft- 
iract half the difference from half the sum, for the smaller, 

1. The sum of two numbers is 140, the difference 32; what 
are the numbers ? 

2. The sum of two numbers is 572, the difference 94; what 
are the numbers ? 

3. The sum of two numbers is 187, the difference 44; what 
are the numbers ? 

4. The sum of two numbers is 190, the difference 57; what 
are the numbers ? 

Given the sum and the product of two numbers, to find the 
larger and the smaller number. 

5. There are two numbers ; their sum is 80, and their pro- 
duct 1551 ; what are the numbers? • 

The theorem on which the solution of this question depends, 
is this, If a number be divided into two equal parts, and also 
itito two unequal parts, the product of the two equal parts, 
that is, the square of hsdf the number, will equal the product' 
of the 'two unequal parts, plus the square of the difference 
between one of the equal and one of the unequal partis. 

Take 16 ; divide it equally, 8-f-8, and unequally, 9-|-7 ; 
the difference between an equal and an unequal part, 1 ; S^sssx 
64 : 9X7=^63 ; loss 1, which is the square of the difference. 

Divide unequally into 10-|-6 ; difference 2^; 82as=64: lOX 
6=60 ; loss 4, which is the square of the difference. 

Divide unequally into ll-|-5 ; difference 3 ; 82=64 : 11 X 
5=55 ; loss 9, which is the square of the difference. 

Hence, to solve the question, — subtract the product of the 
unequal parts from the square of half the number^ find the 
square root of the difference, add it to half the number for the 
greater, svhtract it from half the number for the less. 

6. There are two numbers, the sum of which is 100 ; their 
product is 2419 ; what are the numbers ? 
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2. What is the solid contents o^ .^d, the two contiguous 
drdes 18 inches in diameter, p ^^ i20 rods ; the area of 

A regular pyramid is ^ - /jiaL is its length ? What is 
similar triangles, meetin 

height is the distance f . ^ /iind is surrounded by 480 rods 
of the base of one of ^,:.^ square rods ; what is its length 

To find the solid ^^' 

Muttiply the ar y ^ numbers, and the difference of their 
MxghU ^j/iUter and the less number, 

3. What V -^'///f^Jgsum and the differetiee of two numbers 
base measu /^"^f^fence of their squares. 

A cone ,^,^ ^umbers, 6 and 9 ; their sum is 15 ; tbeir dif- 
termina' /^^'J^^S. The square of 6 is 36 ; the square of 

To /^/J>=45. 
pyra f^y, y ire divide the difference of the squares by the 
/ /^X^^frfient will be the difference, and from this we may 
dj ^ ^Je»^^ *°^ ^® ^^S8. 

P^^sre is a triangle, the hyfxitenuse and one leg of which 
f-L together 90 feet ; the other side measures 40 feet ; 
^^^ the lengths of the two first-named sides respectiTely ? 

and base measure 



0^1^ the lengths of the two first-named sii 
iT-^Ji There is a triangle ; the hypotenuse ai 



/ Je^^^ ^^^ ^^^^ ' *^® perpendicular measures 64 feet ; what 

.^a length of each of the first-named sides ? 

^fhis principle enables you to multiply readily any two 

puiiihers, one of which e^eeds a certain number of tens by 

110 many units as the other falls short of it; as 63X^7 ; the 

^t exceeds 60 by 3 ; the second falls short of it by 3. 

Square the tens, — 3600 ; subtract from this the square of 
^e units — 9 ; 8591, answer. 

11. Multiply 64X56, 3600— l€«:d584, answer. 

12. Multiply 82X78 ; 47X33 ; 92X88. 

Tli/eorem of Parallel Sections. 

If a line is drawn in a triangle, parallel to one of the sides, 
and meeting the other two sides, it divides those sides propor- 
tionally ; and the small triangle cut off*, is similar to the whole 
undivided triangle. 

If a plane pass through a pyramid or cone, parallel to the 
base, it divides all the lines it meets proportionaHy ; and tbe 
smaU solid cut off at the t<^ is similar to the whole undivided 
solid. 
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\, There is a triangular field, containing 7 acres ; a line is 
through it, parallel to one side, cutting the other two 
>f the distance from the apex to the base ; how much 
.oes it cut off? 

.4. There is a board in the form of a right angled triangle, 
J feet in perpendicular height ; how far from the top must a 
line be drawn parallel to the base to cut off J of the board ? 

15. A man had a field of 3 acres, in the form of a right 
angled triangle, with the base equal to the perpendicular ; he 
sells one acre, to be cut off by a line running parallel to the 
base ; he then sells another acre, to be ^ut off by another line 
parallel to the base ; how far from the base must the first line 
be ? How far from the base must the second line be ? 
» 16. There was a cone, 20 feet high ; but the upper part 
being defective, 11 feet in height of the top was taken down ; 
how much of the cone has been removed ? 

17. There was a square pyramid, the base of which meas- 
ured 48 feet on a side ; when it was partly completed, its slant 
height, measuring from the middle of a side at the bottom to 
the middle of the same side at the top, was 40 feet, and the 
width of a side at the top was 12 feet; how high was the apex 
of the pyramid, when completed ? and what part of the pyra- 
mid remained to be built ? 

18. In a right angled triangle, whose base and perpendicu* 
lar are equal, what is the ratio of the square of the hypotenuse 
to the square of the base ? What is the ratio of the hypote- 
nuse to the base ? 

19. If a man travel on Monday 6 miles, due north, and on 
Tuesday 8 miles, due east ; how far is he then from where he 
set out on Monday ? 

If on Wednesday he travels 12 miles, due south, how far 
will he then be from where he was on Monday morning ? 
How far from where he was on Monday night ? 

20. In repairing a meeting-house, it was thought desirable 
to alter the form of the posts, which were one foot square. 
It was proposed to cut away the corners, so as to make them 
regular eight-sided prisms. How wide must each face be, so 
as to have all the eight faces of exactly the same width ? 

21. Sound moves through the air at the rate of 1090 feet 
in a second ; how long would it be in passing 100 miles ? 

22. At the above rate, how long would it require for a 
wave of sound to comf)ass one half the circuit of the globe, 

17* 
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on the line of the equator, the circumference being 24899 
miles? 

23. Two men purchase in equal shares, a stick of hewn 
timber, 40 feet long, 2 feet square f^ the larger end, and 1 
foot square at the smaller end ; how far from &e larger end 
shall they cut it in two, so that each may haye exactly one 
half? 

24. A surveyor, in laying out a lot of land^ first runs a 
line due North, to a certain tree ; from the tree he runs be- 
tween South and West till he comes to a point due Wes( 
from the place he started from ; the whole of these two lines 
is 212 rods, but those who measured it neglected to note how 
far the tree was from the starting point; on measuring a 
third line, connecting the extremities of the two first Hues, 
they find it 98 rods ; how many acres does the triangle coi^ 
tain? 

Specific Gravity. 

The specific gravity of a body, is its weight compared with 
the weight of an equal bulk of water. To find the specific 
gravity of a body heavier than water. 

Weigh the body in watery and out of water, and find the 
difference in the weight ; then, as the difference in the weight 
is to the weight out of water,^ so is 1 to the specific gravity. 

The weight of a cubic foot of water is 62J^ lbs. av. The 
specific gravity of the most important of the metals is as 
foUows : 

Iron, 7.78 Tin, 7.2 Copper, 8.895 

Lead, 11.325 Mercury, 13.568 Silver, 10.51 
Gold, 19.257 Platinum, 21.25 

From the above table, we may find the weight of any mass 
of one of the above metals the magnitude of which is known. 

25. What is the weight of a cubic foot of iron ? 

26. What is the weight of an iron ball six inches in diam- 
eter? 

27. What is the diameter of a 24 lb. cannon ball ? 

28. What is the diameter of a 48 lb. cannon ball ? 

29. What is the weight of a cannon ball one foot in di- 
ameter? 

30. If the column of mercury in the barometer be 29| 
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inches hi^, what would be the weight of a column of mer- 
cury of that height, one inch square ? 

31. As the weight of mercury in the barometer equab the 
weight of the atmosphere on the same base, what is the pres- 
sure of the atmosphere on a square foot, when the mercury 
in the barometer is 29 inches high ? 

The height to which water will rise in a suction pump, 
and the height of the mercury in the barometer, are in in- 
verse proportion to the specific weight of those two bodies ; 
that is, the water is as much higher than the mercury, as 
mercury is heavier than water. 

32. How high will water rise in a suction pump, when the 
mercury in the barometer is 29 J inches high ? 

83. What is the weight of a copper prism, its base being 
an equilateral triangle, 3 inches on a side, and its height 15 
inches ? 

Mechanical Powers, 

The object to be gained by the application of mechanical 
powers, is to overcome a large weight or resistance, by means 
of a comparatively small power. 

In doing this, however, the power must move through a 
space as much larger than the space which the weight moves 
through, as the weight is heavier than the power. 

Or, the distance X,weigfd, of the powerss=sdistanceXweighty 
of the weight, or mass to be moved. 

This is the great law of mechanical powers, and applies 
to them all, without exception. In the practical application 
of them, a certain allowance must be made on account of 
the friction in the machine. The amount of friction differs 
in different powers. No account of this will be taken in the 
examples which follow, unless it is particularly mentioned ; 
nor will any difference be made between the power when in 
motion, and when in equilibrium, or at rest. 

77ie Lever, 

The lever is a straight bar used to support or raise heavy 
weights. It is supported by a prop or fulcrum, placed near 
the weight, and the power is applied at the other end of the 
lever. The distance from the fulcrum to the weight, is called 
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the shorter arm ; the distance from the fulcrum lo the power, 
the hnaer arm of the lever. If the lever were to turn over 
the fuM'um as a centre, the longer arm would describe a 
larger cfrcle, and the shorter arm would describe a smaller 
circle. The circumferences of these two circles, or an arc 
of the same number of degrees in both, would be the dis- 
tances passed through by the power and the weight respec- 
tively. But we may take the arms themselves as represent- 
ing these distances, for they are the radii of the two circles ; 
and the radii of different circles have the same ratio to each 
other as the circumferences. 

We have therefore this proportion : 

The longer arm is to the shorter arm, as the weight to the 
power. Or, let L B* stand for the longer arm ; fk ft.> for the 
shorter ; Wi for the weight, and p. for the power. 

L ft. : &■ a. : : Wt : Pt ; and any change admissible in the 
terms of a proportion, may be made m these terms. 

34. K a lever 10 feet long have its fulcrum one foot from 
the weight, how great must the power be, to raise a weight 
of 1640 lbs.? 

35. If a lever 10 feet long have its fulcrum 18 inches 
from the weight, how great a weight will be raised by a pow- 
er of 160 lbs.? 

^6. A lever 18 feet long rests on a fulcrum 2 feet from the 
end ; how large a weight can two men raise, — one weighing 
164 lbs., the other 172 lbs., — by applying their weight at the 
longer arm ? 

37. If a lever 7]^ feet long rest on a fulcrum 15 inches 
from the end, how heavy must the power be to support a ton, 
gross weight ? 

38. If the weight be 3600 lbs., and the power 140 lbs., 
how far from the weight must the fulcrum be placed under a 
lever 12 feet long, so as to have the weight and power bal- 
ance? 

39. If the weight be 6480 lbs., the power 312, and the 
lever 16J^ feet long, how far from the weight must, the ful- 
crum be, to have the weight and power balance ? 

40. In a certain machine, it is necessary to adjust a lever 
8 feet long, so that a power of 1^ lbs. shall balance 13^ 
lbs. ; how fur from the weight must the fulcrum be placed ? 



THE WHEJfiL AND XHLK. 201 



The Whed and Axle, 

In this case the power is applied at the cii'cumference of 
the wheel, and the weight is drawn up by a rope passing 
round the axle, which is* a smaller wheel The principle, 
therefore, is the same as in the lever; the semi-diameter of 
the wheel is the longer arm ; the semi-diameter of the SLsl&f 
the shorter arm. 

41. In a grocery store the wheel and axle used in raising 
heavy ai'ticles, are of the following dimeneionB, viz. : the wheel 
5 feet in diameter the axle 7 inches in diameter ; what pow- 
er must be applied to the rope passing over the wheel, to 
balance a barrel of flour weighing 205 lbs., suspended by a 
rope passing over the axle ? 

42. With the same wheel and axle, what power will raise 
a box of sugar weighing 431 lbs., adding ^ to the power, to 
overcome the friction ? * * 

43. In digging a well, the wheel employed in raising stones 
and earth, is 6 feet in diameter ; the axle 6^ in diameter ; what 
power will raise a rock weighing 640 lbs., adding ^ to the 
power, to overcome the friction ? 

44. If a wheel is 14 feet in diameter, what must be the 
diameter of the axle, in order that a power of 140 lbs. fnay 
baiaoce 5760 lbs.? 

45. If an axle is 16^ inches in diameter, what must be the 
diameter of the wheel in order that a power of 56 lbs., majr 
balance a wdght of 1844 lbs. ? 

The Screw, 

. In this case, the distance paeaed through by the power in 
one revolution, is equal to the circumference of tibe ciittb; 
described by the lever which turns the screw ; the ^stance 
passed by the weight, is the distance between two threads of 
the screw, measured in the direction of its axis. 

In the practical application of this power, a large allow- 
ance must be made to compensate for the friction. 

46. If the lever of a screw is 11 feet in length, and the 
distance of the threads 1^ inches, what power will raise » 
weight of 6431 lbs., making no allowance lor friction ? 
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47. With the same conditions as m Uie last example, what 
weight will be raised by a power of 124 lbs. ? 

48. What must be the lengtli of the lever of a screw 
the threads of which are 1 inch asunder, in order that a pow- 
er of 3 lbs. may balance a weight of 1 6 40 lbs., making no 
allowance for friction ? 

49. How far asunder must the threads of a screw be, so 
that, with a lever of 8^ feet in length, 26 lbs. will balaiice 
6590 lbs. ? 

Strength of Beanu to resist Fracture. 

[See Section XX. Part I.] 

In. addition to the principles that have already been stated 
ih estimating the strength of timbers, the following are among 
the most important. It is understood in all cases, when tim- 
bers are compared, that they are of the same wood, and 
equally good in quality. 

When the depth of two beams is the same, and the thick- 
ness the same, the strength is inversely as the length, 

50. There are two beams of the same depth and thickness; 
one 18 feet in length, the other 13 ; the longer beam will 
sustain a weight of 68 cwt ; what weight will the shorter 
beam sustain ? 

51. Two beams of the same size, measure in length 22 and 
17^ feet ; the shorter hesixa will sustain 76 cwt. ; how much 
will the longei: be&m sustain ? 

52. Two beams of equal thickness have a depth of 14 and 
16 inches respectively; the deeper beam is 20 feet long, 
and will sustain 84 cwt. ; the other is 17 feet in length ; what 
weight will it sustain ? 

First take into view the length ; then, in a second proper^ 
tion, the depth. 

63. If a beam 25 feet in length and 9 in. in depth, wall sus- 
tain a weight of 12 cwt., what weight will be sustained by a 
beam of the same thickness 18 feet long, and 10 in. in depth? 

When beams are of the same length and depth, the strength 
varies directly as the width 

54. There are two beams of equal length and depth ; one 
inches in width, the other 7 J inches ; the wider beam will 
sustain 47 cwt. ; what Weight will the narrower beam sustain ? 
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5ot. There are two beains of equal depth; one measures 20 
feet in length, and 11 inches in width, and will sustain 94 
cwt. ; the other beam is 14 feet in length and 10 inches in 
depth ; what weight will it sustain ? ^ 

56. There are two beams of the same width, one measures 
16 feet in length, and 10 inches in depth, and will sustain 66 
cwt. ; the other is 18 feet long, and 12 inches in depth ; what 
weiirht will it sustain ? 



It is sometimes desirable to know how the strength of a 
beam will vary bj removing the point on which the pressure 
is made, as in the following example. 

57. A beam 20 feet in length will sustain, at its centre, a 
weight of 44 cwt. ; what weight will it sustain applied 7 feet 
from one end ? 

The following formula will give the valuation in the 
strength. 

As the product of the two unequal sections of the beam, 
(in this case 13x7,) is to the square of half the length, so is 
the weight which the beam will sustain at the centre, to the 
weight it will sustain at the other given point. 

58. A beam 24 feet in length, will sustain at its centre 56 
cwt. ; what weight will it sustain at the distance of 9 feet 
from one end? 

59. A beam 28 feet in length will sustain at its centre 33 
cwt. ; what weight will a beam of the same width and length, 
and of f tiie depth of the former, sustain at the distance of 
10 feet from the end ? 

Stiffness of Beams to Resist Ftexare, 

The stiffness of beams of the same length and width varies, 
as the ctihe of the deptii. If the depth is the same, the stiffs 
ness varies as the width, 

60. There are two beams of equal length and width, one 
is 8 inches in depth, the other 11 inches; if it require 80 
cwt. to bend the former one inch, what weight will it require 
to bend the latter one inch ? 

61. There is a stick of timber 8 inches by 6; if it require 
24 cwt. to bend it 2 inches when lying flat, what weight will 
bend it 2 inches when tumod up on th^ edge ? 
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6^. If 10 cwt will bend the stick just described 1^ inches 
when it lies dai, what weight will be requisite to bend it 1^ 
mches, when turned up on the edge ? 

63. There is a board 12 inches wide, and 1 inch in thick- 
ness ; what is the ratio of its strength when lying flat, sup- 
ported at the ends, to its strength when turned edgewise ? 

64. If it require 12 lbs. to bend the same board ^ an inch, 
when lying flat, how much will it require to bend it ^ an inch 
when turned edgewise ? 



SECTION XLV. 

BUSIKESS FORMS AND INSTBUMENTS. 

Promissory Notbs. 

1. On Demand, with Interest. ^ 

$500. — Boston, March 1, 1846. For value received, I 
promise A. B., to pay him, or his order, five hundred dol- 
lars, on demand, with interest. T. M. 

2. On Time^ with Interest* 

$200. — Boston, March 1, 1846. For value received, I 
promise A. B., to pay him, or his order, two Iteidred dol- 
lars, in three months, with interest. T. If. 

S^. On Time,, without ^tereit, 

$40(L — Boston, March 1, 1846. For vahie received, 
I promise A. B., to pay him, or his order, four hundred dol- 
lars, in sixty days from date. L M. 

4. Payable hy Instalments, with Periodical Interest 

$1000. — Boston, March 1, 1846. For value received, I 
promise A. B. to pay him, or his order, one thousand dollars, 
as foUowSy vis. ; — two hundred dollars in one year ; two hun- 
dred dollars in two years ; and six hundred dollars in three 
years, from this date, with intefvst semi-annually. I. M. 
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Bemarhs an Promissory Note*. 

When the words, "or order," axe Inserted in a note, the 
holder of the note may endorse it, that is, write his name on 
the back of it, and pass it to a third person, who can collect 
it in the same manner, as if he were the original holder. If 
the maker of the note neglects to pay, the holder may collect 
it of the endorser. 

If the words, " or be>arer,'' are inserted instead of " or 
order,*' any person who has possession of the note may col- 
lect it of the maker. Such a note would be like a bank note, 
which passes from hand to hand, without endorsement. 

A note, in order to be legal, must be given, " for value re- 
ceived." A note, therefore, given to pay a debt incurred in 
gambling, or betting, cannot be collected by law. 

When a note contains the promise to pay interest annually, 
and the interest is not collected annuaUy, the law does not 
pennit the holder to draw (compound interest The holder 
may compel the pa3rment of the interest when it becomes 
due, but if he neglect to do this he can recover only Simple 
Interest 

When a note is given to pay in a certain commodity^ as 
wood, grain, &c., if Uie note is not paid when due, the holder 
may compel the pajrment in money. The reason of this is, 
that it is supposed that the commodity may have a value to 
the holder at the time when it is promised, which it will lose, 
if not paid then. 

Receipts. 

1. — A general Form, 

$500. — Boston, March 1, 1846. Received of O. P. the 
sum of five hundred dollars, in full of all demands against 
him. A. B. 

2. — For Money paid by another Person. 

$800. — Boston, March 1, 1846. Received of O. P., 
by the hand of Y. Z., three himdred dollars, in full payment 
Cqr % chaiae by vf^ sold and delivered tp the said O. P. 

A. Kr 

18 
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8, — For Money received for Another, 

$700. — Boston, March 1, 1846. Received of O. P. seven 
hundred dollars, it being for the balance of account due from 
said O. P. to Y. Z. A. B. 

4. — Li Part of a Bond, 

$3000. — Boston, March 1, 1846. Received of O. P. the 
sum of three thousand dollars, being a part of the sum 
of five thousand dollars due from said O. P. to me on the 
day of . A. B. 

5. — For Interest due on a Bond, 

$600. — Boston, March 1, 1846. Received of O. P. 
six hundred dollars, due this daj from him to me as the an- 
nual interest on a bond, given by said O. P. to me on the 1st 
of May, 1831, for the payment to me of ten thousand dollars 
in three year8» with interest annually. A. B. 

6. — On Account. 

$50. — Boston, March 1, 1846. Received of O. P. fifty 
dollars, for which I promise to account to him on a settlement 
between us. A. B. 

l.— Of Papers. 

Boston, March 1, 1846. Received of O. P. several 
contracts and papers, which are described as follows ; — [de- 
scribe the papers ;] which I promise to return to the said 0. 
P. on demand. A. B. 

Ordeh at Sight. 

Boston, April 18, 1846. At sight, pay to the order of 
John Brown, one thousand dollars, value received, which 
place to account of your obedient servants, A. W. ie Co. 

Jacob Smith, Esq., New York. 

Ordeb ok Time. 

Boston, April 18, 1846. Six months after date, pay to 
the order of John Brown, one thousand doUarii valiM r»- 
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oeived, which place to the account of, jour obedient ser- 
vants, A. W. & Co. 
Jacob Smith, Esq., New York. 

Bbmarks. If J. B.' present this order to J. S., and J. S. write hii 
name across the face of it, it becomes what is called an acceptance. 
J. S. agrees to pay it at the date named. 

If J. B. writes his name on the back of the acceptance, it becomes ne- 
gotiable ; he may pass it to a third person, who may endorse it, and pass 
it to a fourth. All those whose signatures are on the order are bound for 
its payment 

Award by Referees. 

We, the undersigned, appointed by agreement of the par- 
ties herein named, having met the parties, and heard their 
several aUegations, arguments and proofs, and dulj consid- 
ered the same, do awsud and determine that A. B. shall re- 
cover of C. D. the sum of together with all the costs 

of this reference, which are to the amount of ; and that 

this shall be final and in full of all claims and dues of the 
parties on matters herein referred to us. 

I. M. 

R. N. 

L. S. 

Letter of Credit. 

Boston, March 1, 1846. 
Messrs. Y. &. Z., Merchants, Baltimore. 

Gentlemen, — Please to deliver Mr. C. D., of 



or to his order, goods and merchandize to an amount not exceed- 
ing in value in the whole, one hundred dollars ; and, on your 
so doing, I hereby hold myself accountable to you for the 
payment of the same, in case Mr. C. D. should not be able 
BO to do, or should make default, of which default yon are re* 
quired to give me reasonable and.proper notice. 

Your obedient servant, 

. A. B. 

Power of Attorney. 



Know all men by these presents, that I, A. B., of , 

do hereby appoint C. D., of r, to be my sufficient and 

lawful attorney, to act for me, and in my name, [here state 
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the objects ifor which he is to act.] And for tk« purposed 
aforesaid, I hereby grant unto my said attorney full power 
to execute all needed legal instruments^ to institute and pros- 
ecute aU claims in my behalf, to defend all suits against me, 
to submit to arbitration, or settle all matters in dispute, and 
to do aU such acts as he shall think expedient for the full ac- 
complishment of the objects for which he is appointed my 
attorney, as fully as I might myself do them if present ; and 
all acts done by the said C. D. my attorney, under authority 
of this appointment, I will ratify and confirm. 

In testimony whereof, I hereby set my hand and seal, this 
day of , in the year — 



Signed, sealed, and delivered, 
in the presence of 

S. N. 
W. F. 



A. B. [l. s.] 



SECTION XLVI. 

ON THE STANDARD OF WEIGHTS AND MEASURES. 

In the earlier states of society, the standard of weights and 
measures was, of necessity, very indefinite and fluctuating. 
In one nation, it was one thing, — in another nation, another ; 
and in no case was it deserving of a very high degree of con- 
fidence. 

S<»netimes the length of the king's foot was the standard 
for all measures of length ; again, the length of the king's 
arm from the elbow to the extremity of the fingers, was made 
the standard. 

The length of journeys was measured by the hours or 
days employed in performing them, or by the number of 
steps taken. 

In land measure the standard was, what a jdke of oxen 
could plough in a day, when, in fact, one yoke might plough 
twice as much as another. 

In dry measure, it was as much as a man could conve- 
niently carry, without first deciding how strong the man 
skoaldbe* 
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In weight the standard was, what a man oould hold nnd 
swing in his hand. 

Sometimes vegetables were taken as measures, as '^ thred 
barley corns make one in<th.*' But barlej corns do not all 
grow of exactly equal length, any more than the ^t and 
^Urms of kings. 

As science advanced, and commerce became fleuldier ex« 
tended among different nations, the mischiefs of these vague 
and fluctuating methods of measurement became more and 
more deeply felt 

But it was far easier to see the faults of the old system, 
than to devise a new one that should be perfect. What ob- 
ject could be selected as an ultimate standard for all weights 
and measures ? 

We have seen that the parts of animals or of vegetables, 
are too liable to change to deserve any confidence. If some 
arbitrary standard should be adopted, as a foot, or yard, and 
this measure should be kept as the standard, by which all 
others should be tried, what security oould there be that it 
would never be altered by fraud, or destroyed by accident ? 
Or, if some natural distance were takien, as the cUstance be- 
tween two points of some well known rock or cliff, this dis- 
tance might vary with a change of temperature, or be altered 
by some convulsion of nature. 

We will proceed to give a short account of the English 
system of weights and measures, adopted by their Act of 
Uniformity, which took effect Jan. 1, 1826. To begin wiUi 
measures of capacity; all English measures of capacity^ 
whether for liquors or grain, are referred to the standard »m- 
perial gallon. This gallon contains 277|- cubic inches. From 
this gallon, quarts, pints, and gills are obtained by subdivi- 
sion ; and pecks and bushels by multiplication. Hence, you 
can find the number of cubic inches in an English quart, pint, 
peck, or bushel. Thus the adoption of the imperial gallon 
introduces entire uniformity into all English measures of 
capacity. It refers them all ultimately to the cubic inch. 
We must now inquire, what has been done to ^x the measure 
of the inch ? for, if there is any error or variation here, it 
will render false all the measures of capacity which depend 
upon it. 

To determine the measure of the inch, it is made by law 
^V of the standard yard. That standard yard is a straight 

18 ♦ 
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brass rod in the custody of the Clerk of the House of Com- 
mons. The yard is the distance on that rod between the 
centres of the points in the two gold studs or pins in the rod. 
And as heat would make the yard longer, and cold would 
make it shorter, the law requires that it shall be used when 
it is of the temperature of 62° (Fahrenheit.) This standard 
yard, however, may be destroyed by accident. We must 
then inquire for a still more permanent standard. To effect 
this, the law declares that the standard yard, if destroyed, 
may be restored, by making it ff ^S JS^ of the length of a pen- 
dulum, that vibrates seconds in the latitude of London, in a 
vacuum, at the level of the sea. If all these conditions are 
fulfilled, a pendulum that vibrates seconds must have an ab- 
solutely invariable length. 

Thus we have brought the whole system of measures back 
to seconds, as the stiandai'd. The whole scheme now depends 
upon seconds being of an invariable length. 

Seconds are parts of a year ; the year is not made up by 
multiplying seconds, but seconds are obtained by dividing the 
year. If, then, the year is of a fixed length, seconds are so. 
Now the year is the time of the revolution of the earth round 
the sun. It is the same, without change, from one year to 
another, and from century to century. 

Thus the whole system of measures has been brought, for 
its ultimate standard, to the unalterable period of the earth's 
revolution round the sun. 

We will now retrace the steps of this investigation, be- 
ginning with the primary standard, the earth^s yearly revo- 
lution. 

The time of the earth's revolution round the sun is alwajB 
the same ; therefore, a second, which is a certain part of this 
time, is an exact measure. If the second is a fixed measure, 
then the pendulum which, under the same circumstances, 
vibrates seconds, is of a fixed length. If the length of the 
pendulum vibrating seconds is fixed, the length of the stand- 
BXii yard is fixed, for it is ggjggg of the pendulum. If the 
standard yard is fixed, the inch is fixed, consequently the 
cubic inch, the gallon, quart, pint, gill, and bushel. 

In the preceding investigation no mention has been made 
of the standard of weight It is obtained by making a cubic 
inch of distilled water equal to 252.458 grs., of which 5760 
make a pound troy, and 7000 make a pound avoirdupois. 
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Thus weights and' measures are alike brought to an unal- 
terable standard. 

The imperial gallon contains 277^ cubic inches. 

The Winchester* gal., wine measure, • • • • 231 " 

« " " beer measure, 282 " 

The imperial gaUan of water weighs 10 Ihs. avoirdupois. 

The system of weights and measures established hj law 
in the United States, is very nearly the same as the English. 
The gallon, United States measure, contains 9 lbs. 14 oz. of 
water. This is the legal standard for all measures, dry and 
liquid. In many parts of the country, however, ts^<Jlj in 
the interior, the legal standard has not supplanted the sys- 
tem derived in earlier times from the English. 

In France, where the system of weights has been carried 
to greater perfection than in any other country, the decimal 
ratio is adopted in all denominations. In some cases, how- 
ever, there is still retained some part of the old system, 
coipbined with the decimal. 

In obtaining an ultimate standard of measure, the French 
measured one quarter of a meridian line of longitude. 

One ten millionth part of this arc they made the basis of 
their system of measures. This standard, the me&Cy is 8.28 
feet. The lower denominations are made by successive 
divisions of this, by 10, 100, &c. ; and the higher by multi- 
plication. 

The following table presents the French decimal weights 
and measures, with the English equivalents. 

French Long Measure, 

ftet 
10 mellimetres make • • 1 centimetre, .0828 

10 centimetres 1 decimetre, .828 

10 decimetres 1 metre, 8.28 

10 metres 1 decametre, 82.8 

10 decametres 1 hectometre, 828 

10 hectometres 1 kilometre,- 8280 

10 kilometres 1 myreametre 82800 



* Winchester, so called because the standard measures were kept a( 
Winchester. 
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French Square Measure. 

Th% unit sqnare measure is the are, which is the square of 
the decametre ; consequently, it is the square of 32.8 feet, — a 
little less than 4 square rods. 

This oait is multiplied for the higher denominations, and 
^Tided for the lower, in the same way as the metre. 



10 milligrammes no 
10 centigrammes • 
10 decigrammes • 
10 grammes • • • • 
10 decagrammes • 
10 hectogrammes 
10 t^logrammes • • 
10 mynagrammes 
10 quinti^ 



nch Decimal Weight, 

take 1 centigramme, • • • • 
• • • • 1 decigramme, 


gn. T107. 

.01543402 
. .1543402 

. 1 ^A^AfS^ 


• • • • 1 decagramme, 

1 hectogramme, • • • • 

• • • • 1 kilogramme, • • • • 

1 myriagramme, 

.... 1 quintid, 

• • • 1 million, 


15.43402 

154.3402 

■ 1543.402 

15434.02 

. 154340.2 

. 1543402 
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